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	)n	this	thesis,	novel	syntheses	of	analogues	of	pyrrolobenzodiazepines	ȋPBDsȌ	are	described.	These	 compounds	 are	 of	 great	 interest	 as	 synthetic	 targets	 due	 to	 their	 potential	medical	properties.	 The	 first	 process	 involved	 is	 the	 intramolecular	 ͳ,͵‐dipolar	 cycloaddition	between	 the	 azide	 and	 imine	 present	 to	 form	 the	 PBD	 core,	 a	 process	 that	 occurs	 via	cycloaddition	and	extrusion	of	nitrogen.	An	azide	to	nitrile	cycloaddition	was	also	explored.		
1,3- dipolar 
cycloaddition




Fuligocandin B 	The	 thesis	 includes	 the	 synthesis	 of	 other	 pyrrolo‐fused	 systems	 with	 a	 focus	 on	 the	indolizidines	 and	 pyrrolizidines.	 These	were	 prepared	 from	 the	 reaction	 of	 a	 cyclic	 imine	
		
)))		 	 	
with	diphenylcyclopropenone	 ȋDPPȌ	as	 illustrated	 in	 the	Scheme.	The	 imines	were	reacted	with	DPP	to	study	the	effect	of	a	large	substituent	at	position	͵	to	investigate	its	effect	on	the	stereochemical	outcome	of	the	reaction.	
	While	 accessing	 these	 indolizidines	 we	 serendipitously	 synthesised	 several	 examples	 of	indoles	and	quinoline	systems.		
or
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PBD Dimers (X= methylene, heteroatoms or rings 		 Figure	ͳ.Ͳ	Structure	of	PBD	monomer	and	dimer	sub	families.	The	 PBD	 monomer	 sub	 family	 consists	 of	 the	 compounds	 originally	 discovered	 in	 the	cultures	of	Streptomyces	species	ȋeg.	anthramycin	and	tomaymycinȌ	and	most	recently	from	






























































































Neothramycin A (R=OH, R
1
=H)


































Carbinolamine 2 Carbinolamine methyl ether 3
H2O
	Figure	ͳ.͵:	Three	interconvertible	forms	of	PBDs	ȋimine,	carbinolamine	and	carbinolamine	methyl	etherȌ	considered	to	be	biologically	equivalent.	Leimgruber	and	co‐workers	elucidated	 the	 structure	of	 anthramycin	 in	ͳͻ͸ͷ	and	 reported	the	 first	 total	 synthesis	 ͵	 years	 laterͳ,	 ʹ,	 ͳ͵.	 Their	 synthetic	 strategy	 was	 based	 on	 the	reduction	of	the	NͳͲ‐Cͳͳ	amide	functionality	of	a	PBD	dilactam	intermediate	of	type	5	using	lithium	 borohydride	which	 ultimately	 provided	 the	 carbinolamine	 intermediate	 of	 type	6,	which	on	elimination	of	water	provided	the	NͳͲ‐Cͳͳ	imine	1	ȋScheme	ͳ.ͳȌ.		
5 6 1 	Scheme	ͳ.ͳ:	General	approach	of	the	hydride	reduction	to	synthesise	PBD	imines	from	PBD	lactams.	ͳ.ͳ.ͳ	Synthetic	strategies		Most	of	the	work	we	are	interested	in	is	based	around	the	crucial	B	ring	cyclisation	reaction	that	 allows	 formation	 of	 the	 PBD	 skeleton	 as	 it	 is	 a	 major	 focus	 in	 our	 ongoing	 research	projects.	Many	 synthetic	methods	 for	 synthesising	 the	PBD	core	 structure	have	been	published	and	the	 most	 up	 to	 date	 review	 by	 Thurston	 and	 Antonowͳ͵	 has	 broadly	 summarised	 the	synthetic	 chemistry	 literature	 relating	 to	PBDs.	Five	decadesǯ	worth	of	 synthetic	 strategies	
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Where R1=H, R2 =OBn, R3=OCH3 a   reaction conditions according  to Wang and co-workers16.




10 	Scheme	ͳ.͵:	)satoic	anhydride	route	for	PBD	dilactam	synthesis.		)satoic	anhydrides	8	are	commercially	available	but	can	also	be	prepared	in	excellent	yield	by	 heating	 at	 reflux	 the	 corresponding	 anthranilic	 acid	 derivative	 7	 with	 triphosgene	 in	T(Fͳ͸,	 ͳ͹.	 Alternatively,	 they	 can	 be	 synthesised	 via	 a	 modified	 Curtius	 rearrangement	 by	treating	 phthalic	 anhydrides	 10	 with	 trimethylsilyl	 azide	 as	 stipulated	 by	 Nagasaka	 and	Kosekiͳͺ		in	their	synthesis	of	Tilivallineͳͻ,	a	naturally	occurring	PBD	isolated	from	Klebsiella	













Pd(OAc) 2, Pd( o-Tol) 3,Et3N,
MeCN, 100 °C
R 1 = H, R 2 = Br
11
	Scheme	ͳ.Ͷ:	Cyclocondensation	of	isatoic	anhydride	and	Ͷ‐hydroxy‐L‐proline	for	the	synthesis	of	PBD	dilactam	analogues.		)n	ʹͲͲͶ,	Nakatani	and	his	co‐workersʹ͵	investigated	the	extract	of	the	fruiting	bodies	of	the	myxomycete	Fuligo	 candida	and	 isolated	 cycloanthraniloproline	 derivatives	 of	 the	 type	16	and	 17.	 The	 structures	 were	 elucidated	 using	 NMR	 and	 MS	 studies	 and	 were	 termed	Fuligocandin	A	and	Fuligocandin	B	respectively.		




A	recent	study	by	(asegawa	and	his	groupʹͶ	has	shown	that	fuligocandin	B	has	the	ability	to	sensitize	leukaemia	cells	to	apoptosis	caused	by	the	tumour	necrosis	factor	related	apoptosis	inducing	 ligand	 ȋTRA)LȌʹͷ.	 This	 biological	 discovery	 prompted	 chemists	 Bergman	 and	Pettersson	 to	 develop	 a	 practical	 total	 synthesisʹ͸	 of	 Fuligocandin	 A	 and	 B	 utilising	Eschenmoser	episulfide	contraction	as	the	key	method	in	their	synthesis	as	shown	in	Scheme	ͳ.ͷ.	
P(OMe)3,DABCO
90 °C, 12 h, 20% 
or
1.90 °C, 2 h, 57%
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		Scheme	ͳ.͸:	Mechanism	showing	the	Eschenmoser	episulfide	contraction.	The	reaction	mechanism	consists	of	two	distinct	steps	ȋScheme	ͳ.͸Ȍ:	Step	ͳ	is	the	reversible	S‐alkylation	of	the	thioamide	with	an	electrophile	to	form	a	thioiminium	cation	19	and	Step	ʹ	is	the	deprotonation	of	the	proton	Ƚ	to	the	C=O	by	a	base	followed	by	sulfur	extrusion	from	the	episulfide	20	to	produce	the	alkene	bond.	The	 new	 carbon‐carbon	 bond	 formation	 occurs	 during	 the	 construction	 of	 the	 episulfide	intermediate	which	requires	base	catalysis.	Episulfide	contraction	from	the	episulfide	yields	the	Ⱦ‐enaminocarbonyl	derivative.	(owever	the	detailed	mechanism	for	the	sulfur	extraction	step	has	not	fully	been	elucidated͵͸.	





 e.g.H 2, Pd/C or
SnCl 2 /MeOH
HgCl 2,CaCO 3
















1.1.3a	 Reductive	 cyclisation	 of	 methyl	 and	 ethyl	 N‐(2‐nitrobenzoyl)pyrrolidine‐2‐
carboxylates.	Methyl	 and	 ethyl	N‐ȋʹ‐nitrobenzoylȌpyrrolidine	 carboxylates	 can	 be	 synthesised	 easily	 by	condensing	 ʹ‐nitrobenzoic	 acid	 derivatives	 with	 pyrrolidine	 derived	 building	 blocks.	 The	nitro	 group	 undergoes	 reduction	 to	 a	 nucleophilic	 aniline	 which	 then	 reacts	 with	 the	electrophilic	pre	Cͳͳa	carbon	ȋi.e.	ester	carbonȌ	attached	to	the	pyrrolidine	ring	as	shown	in	Scheme	ͳ.ͻ.		
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Single or 2 step reaction via (amino ester) 
depending on conditions and R groups
2726 	Scheme	ͳ.ͻ:	Reductive	cyclisation.	Occasionally	the	reduction‐cyclisation	step	is	achieved	in	situ	in	a	single	direct	stepͷͲ,	ͷͳ	while	in	 other	 cases,	 small	 amounts	 of	 (Cl	 or	 heating	 at	 reflux	 were	 required	 to	 promote	cyclisationͷʹ.	(eating	nitro	 esters	26	with	FeSOͶ/N(ͶO(	 in	 an	EtO(‐water	mixtureͷ͵	 ȋͳ:ͳȌ	yielded	the	desired	dilactams	27	in	good	yields	of	ͺ͸%.	Alternatively,	other	methodsͷͶ,	ͷͷ	for	reduction	and	cyclisation	 include	using	elemental	 iron	with	glacial	 acetic	 acid	at	ͳͳͲ	 °C	 to	afford	the	PBD	dilactams.	Catalytic	hydrogenation	in	the	presence	of	palladium	on	charcoalͷͲ	has	 also	 been	 used	 for	 the	 reduction	 of	 nitro	 groupsͷ͸,	 ͷ͹	 within	 N‐ȋʹ‐nitrobenzoylȌpyrrolidine	derivatives	28	as	seen	in	Scheme	ͳ.ͳͲ.	
conc. HCl, water/ THF (82%)a









aAccording to Antonow and co-workers56 R1=R2=H 
bAccording to Cooper and co-workers50 R1=R2=OCH3 
28
29 	Scheme	ͳ.ͳͲ	depicts	how	catalytic	hydrogenation	yields	PBD	dilactams.	The	disadvantage	of	employing	Pd/C	catalyst	 for	hydrogenation	 in	 the	B‐ring	cyclisation	 is	that	 any	 unsaturated	 sites	 in	 the	 building	 blocks	 would	 undergo	 reduction	 as	 well.	 This	problem	was	overcome	by	chemoselective	reduction	that	was	described	by	Kitamura	and	his	co‐workersͷͺ.	 They	 subjected	 an	 unsaturated	 pyrrolidinone	 derivative	 of	 compound	28	 to	
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zinc	 dust	 in	 dichloromethane	 for	 ͵Ͳ	 mins	 in	 the	 presence	 of	 acetic	 acid	 to	 give	 the	 PBD	without	affecting	the	sites	of	unsaturation	in	the	pyrrolidine	ring.	
1.1.1.3b	Reductive	cyclisation	of	N‐(2‐nitrobenzoyl)pyrrolidine‐2‐carboxaldehydes.	)n	 this	 approach	 the	 pre‐Cͳͳa	 is	 an	 unprotected	 aldehyde	 that	 undergoes	 cyclisation	 to	result	in	a	PBD	system	from	reduction	of	the	A‐ring	nitro	group.	This	strategy	has	similarities	to	 the	 cyclisation	 of	 the	 N‐ȋʹ‐nitrobenzoylȌpyrrolidine	 carboxylates	 discussed	 previously.		Reductive	 cyclisation	 was	 initially	 reported	 using	 palladium	 catalysed	 hydrogenation	 on	charcoalͷͻ	 of	 the	 nitro	 moiety	 on	 the	 aromatic	 ring.	 Thurston	 and	 Langley	 used	 this	approach͸Ͳ	and	found	problems	of	over	reduction	of	the	NͳͲ‐Cͳͳ	imine	bond	to	produce	the	biologically	 inactive	 secondary	 amine	 instead.	 Langlois	 and	 co‐workers	 used	 the	 reductive	cyclisation	approach	in	the	synthesis	of	ȋ+Ȍ‐porothramycin͸ͳ	31	and	anthramycin	analogues	as	 shown	 in	 Scheme	ͳ.ͳͳ.	 The	PBD	 system	was	 obtained	by	 selectively	 reducing	 the	 nitro	aldehyde	30	with	Raney‐Ni	catalyst.	
(vii)
(v)        R = H






(ix)      R = Ac
            R = H
(i)        R = H




31 	Reagents:	ȋiȌ	Ethylvinyl	ether	in	C(Cl͵,	cat.	trichloroacetic	acid	ȋͻ͹%Ȍ;	ȋiiȌ	Na(,	K),	o‐NOʹ	benzoyl	chloride	ȋͻͷ%Ȍ;	ȋiiiȌ	 D)BAL–H,	 Tol	 ȋͺͲ%Ȍ;	 ȋivȌ	 MeO(,	 TsO(	 ȋͳͲͲ%Ȍ;	 ȋvȌ	 AcʹO,	 Py	 ȋͻͺ%Ȍ;	 ȋviȌ	 ͳͷ	mol%	 QCS,	 Tol	 ȋͻͶ%Ȍ;	 ȋviiȌ	POCl͵–DMF	 ȋͳͲͲ%Ȍ;	 ȋviiiȌ	 C(ʹ[PȋOȌȋOMeȌʹ]ʹ,	 nBuLi	 ȋͺ͹%Ȍ;	 ȋixȌ	 BaȋO(Ȍʹ,	 then	 COʹ	 ȋͺ͸%Ȍ;	 ȋxȌ	 DMSO,	 COClʹ,	iPrʹNEt	ȋͻͻ%Ȍ;	ȋxiȌ	Raney‐Ni,	then	MeO(,	(+	ȋ͵͸%Ȍ.	
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Scheme	ͳ.ͳͳ	shows	the	synthesis	of	Porothramycin	analogues	according	to	Langlois	et	al.	A	 one	 pot	 synthesis	 approach	 devised	 by	 Kamal	 and	 his	 colleagues	 using	 N,N‐dimethylhydrazine	 with	 FeCl͵·͸(ʹO͸ʹ	 to	 synthesise	 the	 NͳͲ‐Cͳͳ	 carbinolamine	 33	 from	nitro	 aldehydes	32	 is	 noteworthy	 because	 it	 did	 not	 lead	 to	 problems	 of	 racemisation	 at	Cͳͳa,	as	shown	in	Scheme	ͳ.ͳʹ.	
(CH3)2NNH2
FeCl3.6H2O
MeOH, 70 °C, 
6-8h


















1.1.1.4	Azide	based	cyclisations:	)n	 ͳͻͻͷ,	 two	 research	 groups,	 Eguchi	 and	 co‐workers͸Ͷ	 and	 Molina	 and	 co‐workers͸ͷ		independently	described	a	new	method	for	PBD	synthesis	involving	consecutive	Staudinger	/	intramolecular	 aza‐Wittig	 reactions	 of	 N‐ȋʹ‐azidobenzoylȌ‐pyrrolidine‐ʹ‐carboxaldehydes	
42	 ȋScheme	 ͳ.ͳͶȌ.	 Using	 this	 approach	 both	 groups	 synthesised	 Cͺ‐OBn	 protected	 DC‐ͺͳ	with	minor	differences	in	the	reagents	used.		 	
where R1 =CH2OHa    reaction conditions acc. to Eguchi and co-workers62




2) NaNO 2, H 3O +
0 °C, 30 min, 
3) NaN 3 , r.t, 12 h a
SOCl 2, benzene, reflux
L-prolinol, DCM, r.t, 4 h  a
 or 
Neat SOCl 2, reflux
L-proline methyl ester, THF, 






-78 °C, 25 min  b





















45 	Scheme	ͳ.ͳ͸:	()	used	as	a	tool	in	reductive	cyclisation.			The	 same	 group	 also	 developed	 a	 route	 to	 PBDs	 by	 employing	 ferrous	 sulfate	heptahydrate	with	ammonia	 ȋFeSOͶ.͹(ʹO/N(͵Ȍ͵ͺ	 to	effectively	produce	PBD	 imine	systems	in	good	yields	ranging	from	͸ͺ	‐	͹ʹ%.	They	have	also	employed	dialkyl	boron	triflates͸ͻ	as	reducing	 agents	 as	 well	 as	 carried	 out	 extensive	 research	 on	 PBD	 dimers	 and	 conjugates	incorporating	various	heterocyclic	functionalitiesͶ͵,	Ͷͷ,	Ͷ͹,	͹Ͳ.	
1.2	Introduction	to	Pyrrolobenzothiadiazepines	(PBTDs)	While	the	synthesis	and	biological	application	of	pyrrolobenzodiazepines	ȋPBDsȌ	continue	to	be	 investigated	 and	 attract	 enormous	 attention	 in	 the	 literature,	 the	 corresponding	 sulfur	analogue,	 the	 pyrrolobenzothiadiazepines	 ȋPBTDsȌ	 have	 been	 under	 less	 scrutiny.	 The	PBTDs	 ȋsee	 Figure	 ͳ.ͷȌ	 are	 pyrrolobenzodiazepines	 that	 possess	 a	 sulfonyl	 group	 ȋSOʹȌ	 at	what	 was	 position	 ͷ	 in	 the	 ͹	 membered	 ͳ,Ͷ‐diazepine	 ring.	 These	 sulfur	 analogues	 have	
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47 	Figure	ͳ.ͷ	shows	synthetic	strategies	via	different	bond	formations.	ͳ.ʹ.ͳ	Synthetic	strategies		(ere	the	synthetic	strategies	for	the	PBTDs	are	discussed	according	to	the	last	bond	formed.	The	possibilities	are	 shown	 in	Figure	ͳ.ͷ.	 Synthesis	via	 ͳ,	ʹ‐bond	 formation	and	ʹ,	͵‐bond	formation	 are	 not	 used	 to	 synthesise	 pyrrolobenzothiazdiazepines,	while	 the	 route	 that	 is	most	commonly	used	to	prepare	benzothiadiazepines	is	via	Ͷ,	ͷ‐bond	construction.	
1.2.1.1	Synthesis	via	1,	2‐	bond	formation	)ntramolecular	 sulfonamide	 bond	 formation	 i.e.	 forming	 the	 S‐N	 bond	 as	 the	 approach	 to	synthesising	PBTDs	is	not	used.	(owever,	benzothiadiazepines	can	be	made	in	this	way.	 )n	Scheme	 ͳ.ͳͺ,	 allyl	 phenyl	 sulfide	 48	 was	 treated	 with	 m‐chloroperbenzoic	 acid	 in	concentrated	hydrochloric	acid	and	methanol	 to	generate	ͳ,	ʹ,	ͷ‐benzothiadiazepine‐Ͷ‐one	





























R1 =R2 = H or Me





	Scheme	ͳ.ʹͲ	shows	routes	developed	by	Artico	et	al.	ȋRoute	ͳȌ	and	(emming	et	al.	ȋRoute	ʹȌ.	This	N‐formylation	 ring	 closure	methodology	was	 then	 utilised	 by	 (emming	 and	 Patel	 to	provide	 an	 alternative	 route	 to	 PBTD	 52	 via	 the	 ʹ‐ȋo‐azidobenzenesulfonylȌpyrroles	 53	which	 were	 derived	 from	 the	 ʹ‐ȋo‐azidobenzenesulfonylȌ‐ͳ,ʹ‐thioxides	 55	 as	 shown	 in	Scheme	 ͳ.ʹͲͺʹ.	 The	 key	 transformation	 proceeds	 via	 a	 trimethylphosphite	 mediated	 ring	contraction	 and	 desulfurisation	 of	 the	 ͳ,ʹ‐thiazine‐ͳ‐oxide	 and	 is	 accompanied	 by	 the	concomitant	conversion	of	an	azide	to	an	amine	via	Staudinger	reaction	and	hydrolysisͺ͵.	











		Scheme	ͳ.ʹʹ:		Synthesis	of	PBTDs	via	nitro	hydroxamates	reductive	cyclisation.	Another	group	found	that	reduction	with	zinc	and	acetic	acid	lead	to	complete	over	reduction	of	the	imine	bondͺ͸.	)t	is	often	seen	that	when	reductive	conditions	are	employed	with	nitro	derivatives,	 the	 amine	 intermediate	 ȋof	 type	 62,	 Scheme	 ͳ.ʹ͵Ȍ	 and	 the	 carbonyl	 undergo	immediate	spontaneous	 intramolecular	cyclisation.	(owever,	Langlois	et	 al.ͺ͹	 	 showed	 that	the	amino	derivative	62	could	be	isolated	when	Raney	Nickel	is	used	as	the	reducing	agent	with	the	nitro	precursor	61	and	subsequent	cyclisation	yielded	the	desired	compound	63	i.e.	the	sulfur	analogue	of	the	natural	anti‐tumour	antibiotic	PBD	abbeymycin.		
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TFA, DCM/ROH, r.t., 1.5 - 6.5 h
37-75%








64% 	Scheme	ͳ.ʹͶ	shows	Articoǯs	approach	using	ʹ‐hydroxypyridine.	Reviewsͷ,	 ͳ͵	 have	 extensively	 described	 that	 the	 pyrrolobenzodiazepine	 ȋPBDȌ	 natural	products	are	thought	to	require	a	saturated	pyrrolidine	ring	to	be	present	for	the	compound	to	exhibit	biological	activityͷ.	(owever,	pyrrolobenzothiadiazepines	with	intact	pyrrole	rings	have	 enjoyed	 considerable	 attention	 in	 the	 exploration	 of	 non‐nucleosidic	 reverse	transcriptase	inhibitors͹ͻ,	ͺͺ.		Thus,	 the	 synthesis	 of	 pyrrolo[ͳ,ʹ‐b][ͳ,ʹ,ͷ]benzothiadiazepine‐Ͷ‐one‐ͳ,ʹ,‐dioxides	 in	 Ͷʹ‐ͷͶ%	 yields	 was	 achieved	 via	 intramolecular	 cyclisation	 of	 the	 esterͺͺ	 68	 using	 ʹ‐hydroxypyridine	 to	 facilitate	 amide	bond	 formation	 ȋScheme	ͳ.ʹͷȌ.	(eating	 the	nitro	 ester	
67	 in	 the	 presence	 of	 iron/acetic	 acid	 for	 ʹ	 h	 delivered	 the	 amino	 ester	68	 in	 high	 yields	ȋ>ͺͲ%Ȍ.	Alternatively,	when	the	precursor	ͳ‐ȋʹ‐amino‐ͷ‐chlorobenzenensulfonylȌpyrrole‐ʹ‐carbohydrazide	 69	 was	 heated	 with	 ʹ‐hydroxypyridine	 it	 formed	 the	 desired	pyrrolobenzothiadiazepine‐Ͷ‐one	70	 in	moderate	yields	after	elimination	of	hydrazine.	The	
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carbohydrazide	 precursor	 was	 prepared	 by	 reacting	 the	 ester	 68	 with	 hydrazine	 and	ethanol͹ͻ.		
∆
Fe, AcOH
60 °C, 2 h, 80%
170 °C, 63 h
42-54%
  -NH 2NH 2
180 °C, 3 h,
 X=H, Y=Cl,
 38%
















lead	 to	 the	PBTD	motif.	The	 reaction	of	ͳ‐ȋʹ‐aminobenzenesulfonylȌpyrrole	with	alkyl	͵,͵‐dimethoxy	 propionates	 ȋR=	 OC(͵Ȍ	 afforded	 74	 while	 with	 ethyl	 glyoxylate	 hemiacetal	furnished	 75	 in	 high	 yields	 of	 ͻͶ%	 whilst	 reaction	 with	 triphosgene	 provided	 access	 to	pyrrolobenzothiadiazepinones	7689.	
(RO) 2CHCH 2COOR
































































)t	 is	 known	 that	 intramolecular	 cycloaddition	 between	 an	 alkene	 and	 azide	 results	 in	 the	formation	 	 of	 a	 triazoline	89	which	 spontaneously	 collapses	 to	 lose	molecular	 nitrogen	 to	provide	either	an	aziridine	90	or	methyl	imine	91	as	shown	below	ȋFigure	ͳ.͸Ȍͻͳ,	ͻʹ.	



























where X= CO (32%) 











)ntramolecular	reactions	between	the	azide	and	alkynesͻͷ	have	also	provided	an	interesting	route	 to	 tetra‐	 and	 tri‐	 cyclic	 PBD	 and	 PBTD	 ring	 systems	 110.	 Scheme	 ͳ.͵͵	 begins	 by	reacting	the	azido	carboxylic	acid	106	with	L‐prolinol.	The	resulting	alcohol	107	is	oxidised	to	 the	 corresponding	 aldehyde	 in	 good	 yields	 ȋ͸ͷ‐͹ͷ%Ȍ	 utilising	 Swernǯs	 conditions.	 The	aldehyde	108	is	converted	to	the	alkyne	109	in	a	single	step	using	Bestmann‐Ohira	reagent.	The	alkynes	could	not	be	isolated,	as	they	readily	underwent	cyclisation	to	form	the	triazoles	























































111 112 113 114 	Reagents	and	conditions:	ȋiȌȋCOClȌʹ,	DCM,	r.t.	then	L‐prolinol,	KʹCO͵,	DCM,	r.t;	ȋiiȌ	ȋCOClȌʹ,	DMSO,	EtN͵,	‐͹ͺ	°C;	ȋiiiȌBestmann–Ohira	reagent,	KʹCO͵,	MeO(,	r.t,	ȋivȌC(Cl͵,	reflux.	Scheme	ͳ.͵͵:	Utilising	alkenes	as	a	route	to	PBDs	and	PBTDs		
			1.3.	Introduction	to	indolizidines	and	pyrrolizidines	These	 heterocyclic	 systems	 have	 attracted	 interest	 due	 to	 their	 biological	 importance	 and	structural	 complexity.	 This	 section	provides	 a	 general	 introduction	 to	 the	 indolizidine	 and	pyrrolizidine	alkaloids	followed	by	a	typical	synthesis	and	a	short	review	specifically	on	the	
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cycloaddition	approaches	 involving	 thioimidates	developed	 in	our	group	prior	 to	 the	work	carried	out	in	this	thesis.	The	 indolizidineͻ͸	 and	pyrrolizidineͻ͸,	 ͻ͹	 heterocycles	 have	 attracted	 attention	due	 to	 their	biological	 activity.	 A	 significant	 sub‐class	 is	 commonly	 known	 as	 the	 Ǯaza‐sugarsǯ	 or	 imino	sugars	since	they	are	bicyclic	structural	analogues	of	traditional	carbohydrates	in	which	the	oxygen	 is	 replaced	 by	 a	 nitrogen	 atom	with	 the	 nitrogen	 in	 the	 bridgehead	 position	 of	 a	bicylic	system.	
Indolizidines Pyrrolizidines 	
Hyacinthacine A 1 Hyacinthacine A 2 	Figure	ͳ.͹	Structures	and	examples	of	indolizidines	and	pyrrolizidines.	Typical	compounds	shown	in	Figure	ͳ.͹	and	Figure	ͳ.ͺ	are	naturally	occurring	imino	sugars	such	 as	 hyacinthacines	 Aͳ/Aʹͻͺ‐ͳͲͲ,	 hyacinthacines	 Bͳ/BʹͳͲͳ‐ͳͲ͵,	 australineͳͲͶ‐ͳͲͺ	 and	castanospermineͳͲ͸,	 ͳͲͻ‐ͳͳʹ	 which	 have	 attracted	 significant	 attention	 as	 glycosidase	inhibitors.	
Swainsonine Castanospermine Australine 	Figure	ͳ.ͺ	Examples	of	biologically	active	indolizidines	and	pyrrolizidines.	Glycosidases	play	important	roles	in	a	number	of	diseases	including	cancers,	lysomal	storage	 disorders	 such	 as	 Gaucherǯs	 disease	 and	 type	 ʹ	 diabetes.	 	 Type	 ʹ	 diabetes	 can	 be	controlled	 by	 administering	 glycosidase	 inhibitors	 that	 prevent	 the	 breakdown	 of	polysaccharides	 and	 thus	 regulate	 blood	 sugar	 levelsͳͳ͵.	 )minosugars	 have	 also	 gained	interest	 as	 antiviral	 compounds	 and	 antibioticsͳͳͶ‐ͳͳͻ.	 (yacinthacine	 Aͳ,	 for	 example	 has	
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attracted	 interest	as	a	 lead	 in	 the	possible	 treatment	of	various	cancers,	diabetes	and	viral	infectionsͳʹͲ.		Also	of	importance	are	indolizidine	alkaloids	with	alkyl	substituents	such	as	the	amphibian	derived	 indolizidine	ͳͻͷBͳʹͳ	 and	related	systems	such	as	 indolizidines	ʹͲͻD,	ͳ͸͹B,	ʹʹ͵AB	and	ʹ͵ͷB	secreted	by	the	skin	of	a	specific	species	of	frog	dendrobatidae.	These	compounds	function	as	analgesics	and	as	potential	 leads	 in	 the	 search	 for	 the	 treatment	of	Alzheimers	and	other	neurological	diseasesͻ͸,	ͳʹʹ‐ͳʹͷ.		The	 pyrrolizidine	 core	 is	 also	 embedded	 in	 natural	mitomycins	 A	 and	 C	which	 are	 potent	antitumour	 antibiotics.	 Another	 non‐polyhydroxylated	 pyrrolizidines	 class	 is	 the	jenamidines	one	of	which	is	known	to	inhibit	proliferation	of	leukaemia	cells	belonging	to	K‐ͷ͸ʹ	 cell	 lineͳʹ͸.	 The	 jenamidines	 are	 of	 importance	 in	 this	 thesis	 and	 are	 shown	 below	 in	Figure	ͳ.ͻ.	












1. NaH (2.5 eq)
2.acid chloride (2.2 eq)
THF, 2 h
3. 9:1 DCM/ TFA 15 h
Na2CO3, MeOH
 6 h, 0 °C
Acid chloride=
	Scheme	ͳ.͵Ͷ:	Jenamidine	Aͳ/Aʹ	synthesis	by	Snider	et	al.	Recently,	 Luna‐Freire	 and	 his	 co‐workersͳʹͺ	 developed	 a	 novel	 approach	 to	 synthesising	pyrrolizidines	and	pyrrolizidones	which	involved	the	Morita‐Baylis‐(illman	ȋMB(Ȍ	reaction.	Starting	with	 a	 substituted	prolinal	118	 and	 submitting	 it	 to	MB(	 conditions	with	methyl	acrylate	 and	 DABCO	 as	 the	 tert‐amine	 catalyst	 produced	 the	 diastereomers	119	 and	120	whereby	 the	hydroxyl	 group	at	C͵	 influenced	 the	process	 to	a	 large	 extent	 ȋScheme	ͳ.͵ͷȌ.	Compound	119		was	later	converted	to	the	pyrrolizidine	122	after	treatment	of	intermediate	
















	Reagents	and	conditions:	ȋiȌ	conc.	(Cl,	toluene,	Ͳ	°C,	ͷ	min,	then	NaO(,	Ͳ	°C,	͵Ͳ	min;	ȋiiȌ	O͵,	C(ʹClʹ/MeO(	ȋͺ:ʹȌ,	−͹ͺ	°C,	ͳͲ	min;	NaB(Ͷ,	−͹ͺ	°C	to	r.t.,	Ͷ	h.	Scheme	ͳ.͵ͷ:	Synthesis	of	pyrrolizidinones	and	pyrrolizidines.	Eicher	developed	a	study	 focussed	on	 the	reactivity	of	diphenylcyclopropenone	ȋDPPȌ	127	with	 cyclic	 imines	126	 and	 showed	 that	 these	 gave	 a	 tricyclic	 indolizidineͳʹ͹	 type	product	
128	in	the	mechanism	as	shown	in	Scheme	ͳ.͵͸.		

















139	 which	 afforded	 the	 pyrrolizidines	 140	 after	 reacting	 with	 cyclopropenones.	 The	suggested	 mechanism,	 shown	 in	 Scheme	 ͳ.ͶͲ	 is	 a	 Michael–type	 addition	 followed	 by	cyclopropene	ring	opening.	




(  ) n
(  ) n (  ) n
(  ) n
n= 1,2,3
X = O or S
R= Et or Me
R1= R2=Ph
138 139 140
	Scheme	ͳ.ͶͲ:	Synthesis	of	indolizidnes	and	pyrrolizidines	using	DPP	The	same	research	group	later	applied	their	synthetic	idea	to	other	cyclic	imines	and	varied	the	 substituted	 cyclopropenones	 to	 generate	 polyhydroxylated	 indolizidines	 and	pyrrolizidines	 systemsͳ͵ͷ	with	O(	 at	 the	 bridgehead.	 )t	 is	 this	work	 upon	which	 the	work	described	in	this	thesis	was	originally	based.	ͳ.͵.ʹ	Our	aim		This	 work	 began	 as	 part	 of	 an	 ongoing	 project	 concerned	 with	 the	 reaction	 of	cyclopropenones	with	 cyclic	 imine	 systems.	Past	members	of	 our	group	have	worked	with	these	processes	ȋmentioned	above	in	Scheme	ͳ.͵ͺ	‐	ͳ.ͶͲȌ	and	have	investigated	the	reactions	of	 a	 variety	 of	 ͷ‐,	 ͸‐,	 ͹‐	 membered	 cyclic	 thioimidates	 with	 a	 range	 of	 cyclopropenones	ȋmono‐,	 diphenyl,	 mono‐phenyl	 etc.,	 see	 Scheme	 ͳ.ͶͲȌ.	 Our	 aim	 was	 to	 investigate	 the	outcome	with	substituted	cyclic	imines	as	shown	in	Scheme	ͳ.Ͷͳ..		
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	Scheme	ͳ.Ͷͳ:	Summary	of	our	research	work.	Our	 interest	 lies	 in	 investigating	 the	 stereochemical	 outcome	 of	 reactions	 involving	cyclopropenenones	 and	 cyclic	 imines	 145.	 Research	 carried	 out	 by	 a	 previous	 member	showed	the	presence	of	a	small	R	group	ȋMeȌ	at	positions	ʹ	and	͵	of	a	cyclic	pyrroline	was	found	to	have	no	significant	effect	on	the	stereochemical	outcome	and	produced	a	mixture	of	diastereomers	 146.	 This	 project	 investigates	 the	 effect	 of	 a	 larger	 sized	 R	 group	 on	 the	stereochemical	outcome.	The	system	chosen	for	the	study	due	to	the	ready	availability	of	precursors	in	literature	was	the	aryl	substituted	pyrroline,	147.	The	aryl	groups	chosen	 for	study	were	those	shown	in	structures	 147a	 and	 147b.	 147a	 was	 chosen	 due	 to	 its	 anticipated	 availability	 from	Rolipram	147c,	discussed	later.	The	azide	147b	was	chosen	as	azides	are	a	recurring	theme	within	our	 research	group	and	we	decided	 to	 introduce	 the	azide	 functionality	 in	order	 to	
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study	 the	 reactivity	of	 the	anticipated	highly	 functionalised	adduct	148	as	 seen	 in	Scheme	ͳ.Ͷʹ.	
DPP ?
148 	Scheme	ͳ.Ͷʹ:	Synthesis	of	azido	aryl	substituted	indolizidines.		This	 project	 then	 evolved	 as	 new	 work	 came	 to	 light	 that	 had	 to	 be	 pursued	 as	 will	 be	explained	 in	 the	 discussion	 of	 this	 thesis.	 This	 resulted	 in	 the	 generation	 of	 a	 series	 of	interesting	results	that	lead	to	a	series	of	unexpected	indoles.	(ence,	a	condensed	review	on	indoles	 follows,	 discussing	 their	 biological	 importance	 with	 selected	 approaches	 to	 their	synthesis.	































Additionally	 a	 number	 of	 important	 synthetic	 drugs	 contain	 the	 indole	 motif	 including	sumatripanͳ͵ͻ,	rizatriptanͳͶͲ,	ͳͶͳ	and	fluvastatinͳͶʹ.	
Fluvastatin - treats high cholesterol and cardiovascular disease
Sumatriptan - antimigraine drug Rizatriptan - antimigraine drug
	Figure	ͳ.ͳͳ:	Clinically	used	indoles	)ndole	synthesis	almost	universally	involves	annelation	of	the	five	membered	pyrrole	ring	to	an	existing	benzene	ring	with	the	appropriate	attached	functionalities.	This	approach	can	be	divided	 into	 those	 reactions	 in	 which	 there	 are	 two	 substituents	 sharing	 an	 ortho	relationship	to	each	other	and	those	in	which	a	single	attachment	on	the	aromatic	ring	can	be	cyclised	onto	the	ring	itself	in	Scheme	ͳ.Ͷ͵.		
where X = NH2, NHCOR, NO2
            Y = I, CH3, CH2R,COR, CH2=CH2
Z=NHNH2, NH2, NHR, NO2, CHO, halide 	Scheme	ͳ.Ͷ͵:	One	substituent	and	two	substituent	approach	to	indoles.	
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	Scheme	ͳ.ͶͶ:	The	Fischer	indole	synthesis.	For	example,	 Larockǯs	procedure	makes	use	of	modified	 aniline	derivatives,	 such	as	ortho‐haloanilines,	in	the	presence	of	palladium	catalystsͳͶ͵	as	seen	in	Scheme	ͳ.Ͷͷ.	
Pd cat 	Scheme	ͳ.Ͷͷ:	Larockǯs	synthesis	of	indoles.	
1.4.1.1	Typical	Fischer	indole	synthesis	Many	applicationsͳͶͶ,	 ͳͶͷ	 of	 the	Fischer	 indole	 synthesis	 are	 available	 in	 the	 literature,	 	 the	synthesis	of	MDL	ͳͲ͵͵͹ͳ,	a	N‐methyl‐D‐aspartate	ȋNMDAȌ	type	glycine	receptor	antagonist	
Chapter	1																																																																																																																														Literature	review		
͵ͻ		 	 	

























1.4.1.3	Reductive	cyclisations	The	reductive	cyclisation	of	aromatic	nitro	compounds	is	a	powerful	method	in	the	synthesis	of	 the	 indole	ring	and	has	been	reviewed	 in	 the	past	 ͳͷͳ,	 ͳͷʹ.	Reductive	cyclisation	has	been	accomplished	by	catalytic	hydrogenation	using	Pt/C,	Pd/Cͳͷ͵	or	a	 combination	of	Raney‐Ni	and	 hydrazineͳͷͶ,	 sodium	 dithioniteͳͷͷ.	 Other	 reactants	 that	 have	 proved	 suitable	 are	iron/zinc	 in	 acetic	 acidͳͷ͸	 and	 nickel	 borideͳͷ͹.	 Leimgruber	 and	Batchoͳͷͺ	 indole	 synthesis	and	the	reductive	cyclisation	of	o‐nitrobenzylcarbonyl,	o‐nitrostyrenes	and	o‐dinitrostyrenes	are	routes	that	provide	access	to	the	indole	motif	with	relative	ease.	
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The	 well‐known	 Leimgruber	 indole	 synthesisͳͷʹ,	 ͳͷͺ	 involves	 the	 condensation	 of	 o‐nitrotoluene	with	dimethylformamide	dimethyl	acetal	ȋDMF‐DMAȌ	to	give	an	intermediate	Ⱦ‐ȋdimethylaminoȌ‐ʹ‐nitrostyrene.	 This	 then	 undergoes	 reductive	 cyclisation	which	 leads	 to	indoles.	
DMF-DMA reductive




























































	Scheme	ͳ.ͷͶ:	Cadoganǯs	and	Sundbergǯs	approach	to	indole	synthesis.	Pelkey	and	Gribbleͳ͸ͺ	later	discovered	a	͵‐step	sequence	using	Sundbergǯs	protocol	starting	with	 ʹ‐nitrobenzaldehyde	 to	 synthesise	 the	 nitro	 indole	174.	 The	 process	 starts	 with	 the	
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conversion	 of	 readily	 available	 ʹ‐nitroaldehyde	 175	 into	 ʹ‐azidobenzaldehyde	 176	 with	sodium	azide	in	(MPAͳ͸ͻ	at	ambient	temperature	or	alternatively	using	the	DMF	procedure	developed	by	Molinaͳ͹Ͳ,	to	refrain	from	using	carcinogenic	(MPA.	This	was	then	converted	to	the	nitrostyrene	177	which	on	thermolysis	gave	ʹ‐nitroindole	174	in	moderate	yield	ȋͷͶ%Ȍ.	
1. CH3NO2, KOH, EtOH, 0°C
2. Ac2O, pyr, 0 °C, to r.t.
Xylene, 140 °C
NaN3, HMPA, r.t.
or NaN3, DMF, 60 °C
175 176

























Chapter	2:	Results	and	Discussion			 	This	 chapter	 describes	 in	 detail	 the	 results	 and	 findings	 of	 our	experiments	to	synthesise	PBDs	ȋSection	ʹ.ͳ	‐	ʹ.ʹȌ,	the	thio	analogues	of	the	 fuligocandins	 ȋSection	ʹ.͵	 ‐	 ʹ.ͷȌ,	 pyrrolizidines	 ȋSection	ʹ.͸	 ‐	 ʹ.͹Ȍ,	indoles	ȋSection	ʹ.ͺ	 ‐	ʹ.ͻȌ	and	also	describes	exploration	of	some	aza‐Prins	chemistry	ȋSection	ʹ.ͳͲȌ.											
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2.1	Synthesis	of	triazolopyrrolobenzodiazepines		Pyrrolobenzodiazepines	 and	 pyrrolobenzothiadiazepines,	 as	 discussed	 in	 the	introduction	section	of	this	thesis,	are	highly	valued	synthetic	targets	due	to	their	potential	biological	activity.		Extensive	work	has	been	carried	out	on	PBDs	and	PBTDs	within	the	(emming	group.	As	part	of	an	ongoing	project,	our	research	group	have	investigated	the	synthesis	of	benzodiazepines	
via	 cycloaddition	between	an	azide	group	and	alkenes,	 alkynes	and	nitriles.	To	extend	 this	work	further,	the	aim	of	this	part	of	the	thesis	is	to	investigate	the	result	of	an	intramolecular	cycloaddition	between	an	azide	and	the	imine	moiety	i.e.	C=N‐R.		Knowing	 the	 outcome	 of	 the	 ͳ,	 ͵‐dipolar	 cycloaddition	 reaction	 between	 the	 alkene	 and	azide	ȋsee	Chapter	ͳ,	Scheme	ͳ.͵ʹ,	Section	ͳ.ʹʹȌ	we	were	interested	in	studying	the	result	of	the	intramolecular	ͳ,	͵‐dipolar	cycloaddition	of	the	imine	and	the	azide	group.	This	work	focussed	on	ʹ	amino	acid	derivatives	–	L‐prolinol	and	L‐valinol:	the	first	having	the	aim	 of	 producing	 PBD	 analogues	 and	 the	 second	 having	 the	 aim	 of	 checking	 possible	applications	with	other	simple	amino	acids.	 )n	order	 to	gain	 familiarity	with	 the	chemistry	the	project	began	by	repeating	an	 investigation	of	nitrile	work	developed	previously	 in	the	group	in	order	to	arrive	at	a	tetrazolo	PBD	system	as	described	by	Chambersͳ͹ͳ.	
	ʹ.ͳ.ͳ	Synthesis	of	ʹ‐azidobenzoic	acid	and	ʹ‐azidobenzenesulfonic	acid	The	 scheme	 below	 depicts	 the	 synthesis	 of	 ʹ‐azidobenzoic	 acid	 181a	 and	 ʹ‐azidobenzenesulfonic	acid	181b	which	are	 the	synthetic	precursors	 to	 the	PBD	and	PBTDs	we	 aim	 to	 synthesise.	 The	 diazonium	was	 formed	 and	 then	 displaced	 by	 the	 nucleophilic	azide	anion	which	afforded	the	products	in	high	yields.	
181a, X = CO
181b, X = SO2
180a, X = CO
180b, X = SO2
1. NaNO2, HCl or H2SO4,
 0 °C
2. NaN3 , 0 °C
	Scheme	ʹ.ͳ:	Synthesis	of	azides	from	the	corresponding	amine.	The	structure	of	ʹ‐azidobenzoic	acid	was	confirmed	by	the	strong	absorption	peak	at	ʹͳʹʹ	 cm‐ͳ	 in	 the	 )R	 spectrum	 which	 indicated	 the	 presence	 of	 the	 azide	 group.	 ͳ(	 NMR	
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analysis	 further	 confirmed	 four	 aromatic	 protons	 with	 a	 ͳ,	 ʹ‐substitution	 pattern	 on	 the	benzene	ring,	i.e.	doublets	at	͹.ʹͲ	ppm	and	͹.͸͹	ppm	and	doublets	of	doublets	at	͹.ͳͷ	ppm	and	͹.͸͹	ppm.	The	 structure	 of	 ʹ‐azidobenzenesulfonic	 acid	 was	 confirmed	 using	 )R	 and	 spectroscopic	analysis.	 The	 infra‐red	 spectrum	showed	 the	 azide	 functionality	 at	 ʹͳʹ͵	 cm‐ͳ	 and	 the	data	was	consistent	with	that	reported	in	literatureͳ͹ͳ.		ʹ.ͳ.ʹ	Coupling	of	the	acid	chlorides	with	prolinamide	With	the	azide	group	at	 the	desired	position,	 the	next	step	 involved	the	coupling	of	the	 acid	 to	 L‐prolinamide	 via	 acid	 chloride	 formation.	 The	 carboxylic	 acid	 was	 heated	 in	thionyl	chloride	to	produce	the	acid	chloride	following	which	was	immediately	coupled	with	the	L‐prolinamide	 in	a	mixed	phase	reaction	pot	containing	KʹCO͵	as	 the	base.	The	coupled	product	182	was	not	isolated	but	underwent	in	situ	dehydration	to	give	the	nitrile	183.	The	nitrile	product	was	isolated	as	a	mixture	of	rotamers	in	͵ͳ%	yield.		
181b 182 183
 1) SOCl2 , ∆
 2) L-prolinamide 
 K2CO3, r.t
-H2O
	Scheme	ʹ.ʹ:	Single	step	synthesis	of	the	nitrile.	The	 mechanism	 in	 Scheme	 ʹ.͵	 explains	 the	 formation	 of	 the	 nitrile	 in	 situ	 by	dehydration	of	 the	amide	which	uses	the	excess	acyl	chloride	in	the	reaction	to	 initiate	the	dehydration	process.		
183
	Scheme	ʹ.͵:	Mechanism	showing	dehydration	of	the	coupled	amide.	The	structural	assignment	of	183	was	determined	by	NMR	analysis.	 )n	 the	 ͳ(	NMR	spectrum,	 the	 aromatic	 protons	 appeared	 as	 a	 multiplet	 at	 ͹.ʹ͵	 ppm	 integrating	 to	 ʹ	aromatic	 C(s,	 a	 doublet	 of	 doublets	 at	 ͹.͵ͷ	 ppm	 integrating	 to	 ͳ	 proton	 and	 a	 doublet	 of	doublet	of	doublets	ȋdddȌ	at	͹.Ͷͺ	ppm	integrating	to	one	aromatic	C(	which	showed	the	ͳ,ʹ‐
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substitution	pattern	on	the	aromatic	ring.	The	)R	spectrum	confirmed	the	absence	of	broad	N(	peaks	that	would	have	been	seen	if	the	amide	group	was	present.	The	ͳ͵C	spectrum	was	highly	 complex	 due	 to	 the	 rotameric	 doubling	 of	 peaks.	 The	 quarternary	 carbon	 at	ͳͳͺ.Ͳ/ͳͳͺ.ͳ	ppm	was	 confirmative	 of	 the	CN	moiety.	 Further	 confirmation	was	 arrived	 at	through	)R	which	showed	the	CN	peak	at	ʹʹͶͳ	cm‐ͳ	and	the	diagnostic	peak	of	the	azide	at	ʹͳʹʹ	cm‐ͳ.	The	data	was	consistent	with	reported	valuesͻͷ,	ͳ͹ͳ.	ʹ.ͳ.͵	Synthesis	of	tetrazolo[ͳ,ͷ‐a]	pyrrolo[ʹ,ͳ‐c][ͳ,Ͷ]‐benzodiazepine	‐ͷ‐one	This	next	step	involves	a	(uisgen	ͳ,͵‐dipolar	cycloaddition	between	the	nitrile	and	the	azide	to	give	the	tetrazolo	ring	ȋScheme	ʹ.ͶȌ.	Upon	heating	in	toluene	for	͹	h	the	nitrile	underwent	cyclisation	affording	the	PBD	in	ͶͲ%	yield.	
183 184
Reflux, Toluene
















		Scheme	ʹ.͸:	)ntramolecular	cyclisation	between	the	azide	and	imine	functionalities.	ʹ.ͳ.Ͷ		Prolinol	coupling	reaction	The	chemistry	begins	with	the	coupling	of	the	amino	acid	derivative,	L‐prolinol	to	the	acid	chloride.	The	L‐isomer	was	chosen	in	order	to	maintain	the	same	stereochemistry	as	the	natural	 products	mentioned	 in	 the	 introduction.	 The	 acid	181b	was	 converted	 to	 the	 acid	chloride	 which	 was	 then	 immediately	 coupled	 to	 L‐prolinol	 in	 an	 aqueous	 solution	 of	potassium	carbonate	to	yield	the	coupled	product	as	a	mixture	of	rotamers	in	ͷ͵%	yield.	
181b 185
1) SOCl2, 85 °C, 3 h
2) L-Prolinol, K2CO3, r.t.
	Scheme	ʹ.͹	The	structure	of	the	coupled	product	185	was	confirmed	by	the	appearance	of	the	broad	O(	singlet	at	Ͷ.͸ͻ	ppm.	The	͹	protons	of	the	pyrrolidine	ring	were	seen	at	ͳ.͸͵	‐	ͳ.ͺ͵	ppm,	ʹ.ͳ͵	‐ʹ.ͳͻ	 ppm,	 ͵.ͳͷ	 ‐	 ͵.ʹ͸	 ppm	 and	 Ͷ.͵ͳ	 ‐	 Ͷ.͵͸	 ppm.	 The	 four	 aromatic	 C(s	 appeared	 in	 the	
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	Scheme	ʹ.ͳͲ:	Mechanism	in	the	oxime	formation.		When	 a	 carbonyl	 component	 like	 an	 aldehyde	 or	 ketone	 forms	 an	 oxime,	 there	 is	 a	possibility	 of	 forming	 alternative	 syn	 and	 anti	 geometrical	 isomers	 as	 illustrated	 below	ȋFigure	ʹ.ͳȌ.	
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	Scheme	ʹ.ͳ͵:	Proposed	mechanism	for	the	synthesis	of	the	cycloaddition	product.	ʹ.ͳ.ͺ	Coupling	to	L‐valinol		The	same	strategy	was	next	applied	to	another	amino	acid	derivative,	L‐valinol.	The	synthesis	of	 the	aldehyde	was	previously	 carried	out	by	a	member	of	 the	(emming	group	and	 no	 problems	 with	 its	 synthesis	 were	 anticipated.	 The	 acid	 chloride	 was	 once	 again	prepared	 using	 thionyl	 chloride	 and	 then	 coupled	 in	 situ	 to	 L‐valinol	 to	 give	 the	corresponding	coupled	product	190.	
1) SOCl2, 85 °C, 3 h




The	valinol	derivative	190	was	characterised	by	ͳ(	spectroscopy	which	showed	the	two	methyl	units	in	the	isopropyl	group	occurred	as	a	doublet	at	ͳ.Ͳ͵	ppm	which	integrated	to	 ͸(	while	 the	 O(	 proton	was	 observed	 as	 a	 broad	 singlet	 at	 ͵.͵͸	 ppm.	 The	methylene	protons	of	the	alkanol	chain	ȋC(ʹO(Ȍ	appeared	at	͵.͹ʹ	‐	͵.ͺͲ	ppm	as	a	multiplet	and	the	N(	peak	which	occurred	as	a	broad	doublet	at	͹.͸Ͷ	ppm	supported	the	structure	of	the	coupled	product.	The	data	for	190	was	identical	to	previously	reported	valuesͳ͹ͳ.	ʹ.ͳ.ͻ	Oxidation	of	the	alcohol	The	 valinol	 coupled	 product	190	 underwent	 oxidation	 under	 Swern	 conditions	 to	yield	the	corresponding	valinal	derivative	191	in	ͷͺ%	yield.		
DMSO, Et3N
(COCl)2, -78 °C




















2.3	 Synthesis	 of	 sulfur	 analogues	 of	 Fuligocandin	 A	 and	


















80 °C, 3 h
Lawesson's or 
P2S5.Py2
	Scheme	ʹ.ͳͻ:	Proposed	route	to	synthesise	the	Fuligocandin	thio	analogues.	ʹ.͵.ͳ.	Attempted	synthesis	of	ʹ‐nitrobenzenesulfonylpyrrolidine‐ʹ‐ethyl	ester	We	attempted	the	synthesis	of	ʹ‐nitrobenzenesulfonylpyrrolidine‐ʹ‐ethyl	ester	198	by	 coupling	 ʹ‐nitrobenzenesulfonylchloride	 to	 the	 L‐proline	 ester	 in	 the	 presence	 of	triethylamine	as	 a	base.	The	 reaction	proceeded	 to	give	 the	desired	product	but	 always	 in	low	yields	ȋ<ͳͲ%Ȍ,	meaning	that	a	different	route	was	required.		
197 198
.HCl









2 h,  60 °C










AcCN, 60 °C, 6 h




    ∆ 100 °C, 3 h
1. NaH, DMSO
2. ClCH2COCH3












80 °C, 3 h
Lawesson's or 
P2S5-Py2




18-C-6 	Scheme	ʹ.ʹ͹	The	 ͳ(	NMR	spectrum	of	 the	product	 showed	 the	methoxy	protons	at	͵.͸ͻ	ppm	and	 the	͵	pyrrole	 C(s	 at	 ͸.͵Ͷ	 ppm,	 ͹.ͳͲ	 and	 ͹.ͳ͸	 ppm	 each	 as	 a	 doublet	 of	 doublets.	 The	 benzene	protons	appeared	as	multiplets	at	͹.͹ͷ	‐	͹.ͺ͵	ppm	ȋ͵(Ȍ	and	ͺ.͵ʹ	‐	ͺ.͵͸	ppm	ȋͳ(Ȍ.	The	data	was	identical	to	that	in	literature͹ͻ.	
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the	starting	material	unchanged,	meaning	on	this	occasion	that	Lawessonǯs	reagent	remained	our	reagent	of	choice.	Spectroscopic	analysis	by	ͳ(	NMR	confirmed	the	structure	of	the	thionated	product	206.	The	aromatic	and	pyrrole	ring	protons	appeared	as	expected	and	the	N(	shift	from	ͳͳ.ͳ	to	ͳʹ.ͺ	ppm	as	well	as	a	shift	 in	the	ͳ͵C	spectrum	from	ͳͷͻ.͵	ppm	ȋC=OȌ	to	ͳͻͶ.͹	ppm	ȋC=SȌ	were		important	indicators	of	a	new	product	being	formed.	The	high	resolution	mass	spectral	data	then	 confirmed	 the	 structure	 as	 the	 thionated	 amide	 with	 ʹͺ͸.ͻͻͳͲ	 [M+Na]+	 when	Cͳͳ(ͺNʹOʹSʹNa	required	ʹͺ͸.ͻͻͳͻ.	ʹ.Ͷ.ͷ.	Synthesis	of	thio	analogue	using	episulfide	contraction		The	 route	 followed	 again	 was	 that	 reported	 by	 Bergmanʹ͸	 and	 started	 with	 the	formation	 of	 the	 thioimidate	 which	 then	 undergoes	 an	 Eschenmoser	 type	 episulfide	contraction.	
1) NaH, DMSO
 r.t. 40 min
2) Chloroacetone
    r.t., 1 h
3) P(OMe)3
DABCO
206 207 208 		Scheme	ʹ.͵ͳ	)solation	 ȋ͸Ͷ%	 yieldȌ	 and	 spectroscopic	 analysis	 of	 the	 thioimidate	 207	 revealed	 the	 N(	signal	 was	 absent	 in	 the	 ͳ(	NMR	 spectrum,	 instead	 two	 new	 signals	 were	 seen;	 a	 singlet	integrating	to	͵	protons	appeared	at	ʹ.͵ͳ	ppm	which	signifies	the	methyl	group	attached	to	the	carbonyl,	and	a	broad	doublet	which	integrated	to	ʹ	protons	observed	at	Ͷ.Ͳͳ	ppm	which	is	 the	deshielded	methylene	group	flanked	by	sulfur	on	one	side	and	the	methyl	ketone	on	the	other.	)n	the	ͳ͵C	spectrum	of	207	the	chemical	shifts	of	the	C(͵	group	appeared	at	ʹͺ.͸	ppm,	while	that	of	the	deshielded	methylene	group	was	seen	at	Ͷͳ.͵	ppm.	The	͹	C(s	appeared	at	ͳͳͳ.Ͷ,	ͳͳ͹.͹,	ͳʹʹ.ͷ,	ͳʹͷ.Ͷ,	ͳʹͷ.͸,	ͳʹͺ.ͳ,	ͳ͵Ͷ.ͺ	ppm	and	the	carbonyl	signal	appeared	as	expected	at	ʹͲʹ.͹	ppm.	
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The	)R	spectrum	further	confirmed	the	structure	of	the	thioimidate	with	the	absence	of	the	N(	stretch	in	the	͵͵ͲͲ	–	͵ͲͲͲ	cm‐ͳ	region	together	with	the	presence	of	a	carbonyl	at	ͳ͹ͳͲ	cm‐ͳ.	(eating	of	 compound	207	 to	ͳͲͲ	 °C	 for	ʹ	h	produced	 the	 thio	analogue	of	Fuligocandin	A	with	an	unsaturated	pyrrole	ring	208	as	a	yellow	oil	in	ͷʹ%	yield.	
.	 208 	Analysis	of	the	ͳ(	NMR	spectrum	revealed	the	distinct	peaks	of	the	methyl	ketone	as	a	singlet	at	ʹ.ͳͺ	ppm.	The	appearance	of	the	newly	formed	alkene	C(	as	a	singlet	at	ͷ.͸ͻ	ppm	and	the	emergence	of	a	N(	singlet	at	ͳ͵.ͷ	ppm	were	strong	indications	that	the	Fuligocandin	A	analogue	had	been	formed.	The	ͳ͵C	spectrum	confirmed	the	appearance	of	an	alkenic	C(	at	ͻͺ.͵	ppm	while	a	signal	at	ͳͻͺ.ʹ	ppm	was	 indicative	of	a	conjugated	ketone.	Furthermore,	the	)R	spectrum	displayed	a	strong	broad	N(	peak	at	͵͵ͷͷ	cm‐ͳ	ȋɋmaxȌ	while	a	sharp	peak	at	ͳ͸ͺͲ	cm‐ͳ	confirmed	the	carbonyl	as	a	conjugated	ketone	as	it	had	shifted	from	the	original	ͳ͹ͳͲ	 cm‐ͳ	 of	 the	 thioimidate.	 The	 high	 resolution	 mass	 spectral	 data	 found	 the	 sodiated	cation	[M+Na]+	at	͵ͳͳ.ͲͶ͸ͳ	when	͵ͳͳ.ͲͶ͸ͺ	was	required	for	CͳͶ(ͳʹNʹO͵SNa.	
202b 207 	Returning	now	to	 the	saturated	system	202	ȋSee	Scheme	ʹ.ʹͷ,	pg	͸ʹȌ,	 it	 should	be	noted	that	the	intermediate	202b	could	be	isolated	but	that	its	proton	NMR	looked	similar	to	the	ͳ(	NMR	of	the	intermediate	of	the	unsaturated	ring	207.	This	could	be	due	to	chemical	transformation	 involving	 aromatisation	 of	 the	 ring	 or	 a	 human	 error	 such	 as	 a	mix	 up	 of	samples.	Repetition	would	be	necessary	to	replicate	these	results	and	further	work	is	needed	as	 it	 would	 be	 interesting	 to	 see	 if	 under	 these	 conditions	 the	 saturated	 ring	was	 indeed	
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	Scheme	ʹ.͵ʹ	Spectroscopic	analysis	gave	evidence	for	the	successful	formation	of	the	product	209.	)nfra‐red	studies	showed	a	broad	O(	stretch	between	͵͸ͲͲ	‐	͵ͷͲͲ	cm‐ͳ	and	a	signal	at	͵͵Ͳͻ	cm‐ͳ	suggested	 an	 N(	 stretch	 while	 a	 medium	 stretch	 at	 ͳ͸͸ʹ	 cm‐ͳ	 for	 C=N	 offered	 further	evidence	for	oxime	formation.	The	ͳ(	NMR	spectrum	showed	multiplets	at	ͳ.͹͵	‐	ͳ.ͻͷ	ppm,	ʹ.Ͳͳ	‐	ʹ.ͳ͸	ppm,	ʹ.ͺͻ	‐	͵.Ͳʹ	ppm	and	͵.͵͸	‐	͵.Ͷͻ	ppm	corresponding	to	the	͹	protons	of	the	pyrrolidine	ring.	Two	of	the	aromatic	C(s	were	observed	as	overlapping	multiplets	at	͸.ͻͻ	‐	͹.Ͳͺ	ppm.	Another	aromatic	C(	appeared	at	͹.Ͷʹ	ppm	split	as	a	doublet	of	doublets	and	the	remaining	C(	appeared	as	a	doublet	at	͹.͹ͷ	ppm.	Two	broad	singlets,	one	at	͹.ͷͷ	ppm	for	the	N(	 proton	 and	 the	 other	 at	 ͻ.ͳͷ	 ppm	 for	 the	 O(	 proton	were	 characteristic	 of	 an	 oxime.	
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MeOH, r.t., 48 h
Ylide
211a
	Scheme	ʹ.͵Ͷ	Synthesis	 of	 the	 indole	 fragment	212	was	 carried	out	 as	 shown	 in	Scheme	ʹ.͵Ͷ.	The	ylide	
211a	 was	 synthesised	 by	 reacting	 ͳ,	 ͵‐dichloroacetone	 210	 with	 triphenylphosphine	
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followed	 by	 a	 sodium	 carbonate	work	 up	 to	 give	211a	 in	 ͺͻ%	 yield.	 Alongside,	 indole‐͵‐carbaldehyde	was	protected	by	treatment	with	DMAP	and	Ͷ‐nitrophenylsulfonyl	chloride	to	afford	a	beige	solid	211b.	This	protected	indole	was	reacted	with	the	previously	synthesised	ylide	211a	over	ʹͶ	h	to	access	the	indole	fragment	212	in	excellent	yield.		When	fuligocandin	B	was	synthesised	according	to	Bergman	and	Petterssonʹ͸,	they	claimed	trimethyl	phosphite	and	DABCO	were	not	necessary	for	the	episulfide	contraction	step	and	that	 in	 fact	 the	 reaction	 proceeded	 in	 their	 absence	 to	 give	 the	 Fuligocandin	 B	 in	 better	yields.	So	it	was	decided	to	attempt	to	synthesise	the	sulfur	analogue	of	Fuligocandin	B	under	the	same	conditions.	ʹ.ͷ.ʹ	Attempted	synthesis	of	the	Fuligocandin	B	analogue	
202
212 213



































2) ∆, 100 °C, 2 h.
	Scheme	ʹ.͵͸	A	 reaction	 pot	 containing	 the	 thioamide	 206	 with	 sodium	 hydride	 in	 DMSO	 was	treated	with	the	neat	addition	of	the	indole	fragment	at	r.t.;	it	was	then	heated	for	ʹ	h	at	ͳͲͲ	°C.	 Bergman	 and	Pettersson	 claimed	 that	 the	 episulfide	 contraction	 step	 occurred	without	the	use	of	trimethyl	phosphite	and	DABCO	in	much	better	yields	than	when	they	were	used.	Purification	 and	 isolation	 using	 silica	 gel	 chromatography	 was	 carried	 out	 to	 confirm	 the	structure	of	the	product	as	the	protected	intermediate	214a.	Analysis	by	ͳ(	NMR	revealed	a	complex	aromatic	region	as	expected	due	to	the	presence	of	ͳͺ	proton	signals	overlapping	in	the	 aromatic/alkenic	 regions	 spanning	 from	 ͸.Ͷʹ	 ‐	 ͺ.͵ͺ	 ppm	 as	 multiplets.	 The	 ͳ͵C	 NMR	spectrum	 showed	 a	 quarternary	 carbon	 at	 ͳͻ͵.ͺ	 ppm	 which	 indicated	 the	 presence	 of	 a	carbonyl	in	conjugation.	(SQC	and	DEPT	were	used	to	account	for	all	the	spʹ	and	quarternary	carbons	in	the	spectrum.	A	broad	singlet	ȋcorresponding	to	two	protonsȌ	at	Ͷ.Ͳʹ	ppm	in	the	ͳ(	 NMR	 spectrum	 correlated	 to	 a	 C(ʹ	 at	 ͵ͻ.ͷ	 ppm	 in	 the	 ͳ͵C	 spectrum	 implied	 that	 the	intermediate	214a	had	 formed	 rather	 than	 the	 episulfide	 contraction	 product	214b.	(igh	
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	Scheme	ʹ.͵͹	When	 the	 deprotection	 was	 attempted	 a	 complex	 mixture	 was	 obtained.	 ͳ(	 NMR	analysis	revealed	fragmentation	products	as	the	major	products.	One	of	the	minor	products	isolated	gave	 too	 little	material	 to	 obtain	 complete	 characterised	data	but	 the	 ͳ(	NMR	did	show	a	singlet	at	ͳͶ.ʹ	ppm	ȋindole	N(Ȍ	indicating	possible	deprotection.	(SQC	showed	the	presence	of	ͳͶ	C(s	which	implied	deprotection	but	not	desulfurisation	had	occurred.	Mass	
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spectral	analysis	of	 the	same	 indicated	 it	was	 indeed	 the	deprotected	214c	with	a	 [M]+	 	of	ͶͶ͹.Ͳ͹Ͳͺ	for	a	required	value	of	ͶͶ͹.Ͳ͹ͳͳ	with	a	formula	of	Cʹ͵(ͳ͹N͵O͵Sʹ.	ʹ.ͷ.ͷ	Summary	Eschenmoser	 episulfide	 contraction	 allowed	 the	 successful	 synthesis	 of	 a	 sulfur	analogue	 of	 Fuligocandin	 A,	 albeit	 with	 an	 aromatic	 pyrrole.	 Attempts	 to	 prepare	 the	saturated	pyrrolidine	system	were	unsuccessful.	With	Fuligocandin	B,	attempts	to	make	the	saturated	 pyrrolo	 system	 were	 also	 unsuccessful.	 The	 corresponding	 aromatic	 pyrrolo	Fuligocandin	B	thio	analogue	intermediate	appears	to	have	been	successfully	made	but	this	requires	 confirmation	 and	 optimisation.	 Further	 attempts	 are	 being	 made	 to	 synthesise	Fuligocandin	 B	 by	 other	 reserachers	 within	 the	 group	 by	 using	 trimethyl	 phosphite	 and	DABCO	to	bring	about	contraction	with	simultaneous	desulfurisation.		
2.6	 Cyclopropenones	 as	 a	 route	 to	 synthesising	





216 217 	Scheme	ʹ.͵ͺ	The	structure	of	 the	thioamide	217	was	confirmed	by	ͳ(	NMR	spectrum	where	the	protons	of	the	saturated	ring	appeared	in	the	upfield	region	between	ͳ.͹ͳ	‐	ͳ.ͺͷ	ppm,	ʹ.ͺͻ	ppm	 and	 ͵.͵͵	 ‐	 ͵.͵͹	 ppm	while	 the	N‐(	 peak	 appeared	 as	 a	 singlet	 at	 ͻ.ͳͻ	 ppm.	 The	 ͳ͵C	spectrum	 showed	 the	 C(ʹ	 protons	 between	 ʹͲ.ͳ	 and	 ͶͶ.͸	 ppm	 while	 the	 quaternary	 C	appeared	at	ʹͲʹ.ͳ	ppm.	)nfra‐red	spectroscopy	confirmed	the	thioamide	by	the	presence	of	the	thiocarbonyl	stretch	[C=S]	at	ͳͳ͵ͺ	cm‐ͳ	and	the	N‐(	stretch	appeared	at	͵ͳͷͷ	cm‐ͳ.	The	data	closely	matched	previously	reported	valuesͳͺ͹.	The	 thioamide	 was	 alkylated	 with	 dimethyl	 sulfate	 ȋDMSȌ	 to	 give	 rise	 to	 the	 alkylated	product	218	which	due	to	instability	was	used	directly	in	the	next	step.	ʹ.͸.ʹ	 Synthesis	 of	 ʹ,͵‐diphenyl‐ͷ‐methylthio‐ͳ‐azabicyclo[Ͷ.͵.Ͳ]non‐ʹ‐en‐Ͷ‐one	 The	alkylated	product	218	was	made	 to	 react	with	diphenylcyclopropenone	 ȋDPPȌ	and	the	bicyclic	adduct	219	was	formed	in	͸ͷ%	yield.	
218 219
r.t., 48 h
	Scheme	ʹ.͵ͻ	Evidence	for	the	formation	of	compound	219	was	given	by	the	isolation	of	a	new	product	on	TLC	whose	 spectroscopic	 data	was	 fully	 consistent	with	 the	 expected	 structure.	 )n	 the	 ͳ(	spectrum	all	the	protons	of	the	piperidine	ring	were	present	in	the	ͳ.͹ͳ	to	͵.ͷͷ	ppm	region	as	 overlapping	multiplets	while	 the	ͳͲ	 aromatic	protons	were	 accounted	 for	 in	 the	 region	spanning	from	͸.ͻ͸	‐	͹.ͶͶ	ppm.	The	key	singlet	corresponding	to	the	thiomethyl	ȋSMeȌ	group	appeared	at	ͳ.ͻͷ	ppm.	This	data	was	consistent	with	previously	reported	dataͳͺ͹.	
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	Compound	 219	was	 found	 to	 be	 stable	 when	 heated	 in	 a	 variety	 of	 solvents.	 Thus,	 the	project	moved	on	 to	 other	 areas,	 the	 first	 of	which	was	 to	 investigate	 the	 stereo‐chemical	outcome	 of	 the	 reaction	 of	 cyclic	 pyrrolines	 with	 cyclopropenones.	 This	 project	 has	 been	ongoing	 in	 the	 group	 for	 some	 time	 and	 is	 closely	 related	 to	 an	 ongoing	 interest	 in	 the	synthesis	of	jenamidines	analogues	ȋsee	Schemes	ͳ.ͶͲ	‐	ͳ.ͶʹȌ.	





	Figure	ʹ.͵	To	synthesise	this	type	of	system,	we	looked	at	Rolipram	as	a	readily	available	cyclic	imine	precursor.	Rolipram	221	 is	an	 inhibitor	of	 ȋPDEȌ‐)V,	a	cyclic	adenosine	phosphodiesterase,	and	is	employed	in	the	treatment	of	depressionͳͺͺ,	ͳͺͻ.	Barnes	et	al.,	have	already	shown	how	Rolipram	 was	 synthesised	 relatively	 easily	 and	 in	 excellent	 overall	 yields	 of	 ͹͸%	 using	conjugate	 addition	 of	 malonate	 esters	 to	 nitroolefinsͳͻͲ	 and	 hence	 no	 problems	 were	anticipated	 with	 its	 synthesis.	 Once	 Rolipram	 was	 synthesised,	 the	 next	 step	 would	 be	conversion	 to	 its	 thioamide	 and	 thence	 to	 the	 cyclic	 imine.	 Scheme	 ʹ.ͶͲ	 summarises	 the	
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retrosynthetic	 strategy	 involved	 from	 the	 target	 indolizidine	 228	 to	 Rolipram	 221.	
221
228




K2CO3, DMF, 100 °
C
CH3NO2, NH4OAc








ʹ.͹.ͳ	Synthesis	of	͵‐ȋcyclopentyloxyȌ‐Ͷ‐methoxybenzaldehyde		We	first	needed	to	protect	the	hydroxyl	group	of	isovanillin	as	an	ether	moiety	which	was	 carried	out	by	heating	at	 reflux	 a	mixture	of	 commercially	 available	 isovanillin,	KʹCO͵	and	 cyclopentyl	 bromide	 in	 DMF	 for	 ʹͶ	 h.	 The	 reaction	 proceeded	 affording	 the	 desired	product	222	quantitatively	in	excellent	purity	that	did	not	require	further	purification.			
222
Cyclopentyl bromide
K2CO3, DMF, 100 °C




























OH 		 Scheme	ʹ.Ͷ͵	Mechanism	of	the	(enry	reaction.	(ere	the	aldehyde	222	is	subjected	to	the	(enry	condensation	conditions	to	give	the	nitro	 olefin	223	 in	 a	 single	 step	 in	 ͺͺ%	 yield.	 The	 reaction	was	 carried	 out	 by	 heating	 at	reflux	 compound	 222	 in	 nitromethane	 overnight	 using	 ammonium	 acetate	 as	 a	 base	 to	furnish	the	desired	olefin	as	a	yellow	solid.		
222 223
MeNO2, NH4OAc
 130 °C, 24 h
	Scheme	ʹ.ͶͶ	Spectroscopic	analysis	was	consistent	with	the	formation	of	compound	223.	)n	the	ͳ(	spectrum	the	 loss	of	 the	aldehyde	singlet	at	ͻ.͹ͻ	ppm	and	 the	concurrent	appearance	of	ʹ	new	 signals	 corresponding	 to	 the	 alkenyl	 protons	 implied	 the	 alkene	 product	 had	 been	synthesised.	The	new	alkene	peaks	at	͹.Ͷͺ	ppm	and	͹.ͻ͵	ppm	were	split	into	doublets	with	a	coupling	constant	value	of	ͳ͵.͵	(z	which	 indicates	 the	alkene	protons	are	aligned	 trans	 to	one	another.			
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	Scheme	ʹ.Ͷͷ:	Michael	reaction.	Evidence	 of	 the	 formation	 of	 the	 Michael	 adduct	 224	 was	 given	 by	 ͳ(	 NMR	spectroscopy.	The	alkenyl	proton	signals	had	disappeared	and	were	met	with	the	appearance	of	a	new	set	of	proton	signals.	A	multiplet	was	observed	at	͵.͹͵	ppm	corresponding	to	the	acidic	 C(	 flanked	 by	 the	 ʹ	 ester	 groups	 on	 either	 side.	 The	 proton	 attached	 to	 the	 chiral	carbon	at	Ͷ.Ͳ͵	ppm	also	emerged	as	a	multiplet	while	the	deshielded	C(ʹ	protons	attached	to	the	nitro	group	ȋC(ʹ‐NOʹȌ	were	split	into	two	doublets	of	doublets	ȋddȌ	that	appeared	at	Ͷ.͹͵	and	 Ͷ.ͺͲ	 ppm.	 ͳ͵C	 NMR	 spectroscopy	 supported	 the	 information	 supplied	 by	 the	 ͳ(	spectrum.	The	chiral	carbon	appeared	at	Ͷʹ.Ͷ	ppm,	the	acidic	C(	appeared	at	ͷͶ.͹	ppm	while	the	carbonyls	were	seen	at	ͳ͸͸.͸	ppm	and	ͳ͸͹.͵	ppm	which	were	indicative	of	a	successful	reaction.	
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dry THF, 3 h, 
reflux 
	Scheme	ʹ.Ͷͺ	Spectroscopic	analysis	confirmed	the	structure	of	 the	thionated	product	226.	The	evidence	of	successful	thionation	was	the	chemical	shift	in	the	ͳ͵C	NMR	spectrum	from	ͳ͹ͺ	ppm	ȋC=OȌ	to	 ʹͲͷ.ʹ	 ppm	 ȋC=SȌ,	 as	 well	 as	 the	 absence	 of	 a	 carbonyl	 stretch	 and	 a	 presence	 of	 C=S	absorption	at	ͳͳʹͲ	cm‐ͳ	in	the	infrared	spectrum.	The	 ͳ(	 NMR	 spectrum	 confirmed	 the	 presence	 of	 the	 protons	 of	 the	 cyclopentyl	 ring	 as	multiplets	 in	 the	 ͳ.ͷ͵	 ‐	 ͳ.ͻ͸	 ppm	 range,	 the	methoxy	 on	 the	 aromatic	 ring	 appeared	 as	 a	singlet	at	͵.ͺͲ	ppm	and	the	C(	of	the	cyclopentyl	ring	emerged	as	a	multiplet	at	Ͷ.͹ͳ	ppm.	More	importantly,	 the	pair	of	protons	adjacent	to	the	thiocarbonyl	appeared	as	doublets	of	doublets	at	ʹ.ͻͻ	ppm	and	͵.ʹͺ	ppm	while	the	pair	of	protons	neighbouring	the	N(	appeared	as	multiplets	at	͵.ͷ͹	‐	͵.͸ͳ	ppm	and	͵.ͻͶ	‐	Ͷ.Ͳͳ	ppm	with	the	N(	singlet	at	ͺ.͵Ͷ	ppm.	Further	
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	Scheme	ʹ.ͷͳ	The	reaction	of	 the	 imine	227	with	DPP	was	carried	out	at	r.t.	whilst	stirring	 for	͵	days	 in	MeCN.	 Purification	 by	 chromatography	 afforded	 the	 target	 indolizidine	 product	 228	 as	 a	mixture	of	diastereoisomers	in	a	ͳ:ͳ	ratio,	indicating	there	was	no	stereocontrol	induced	by	the	͵‐cyclopentyloxy‐ʹ‐methoxybenzene	ring	and	that	this	substituent	at	C͸	had	no	effect	in	controlling	the	spatial	arrangement	of	SMe	and	therefore	the	stereochemical	outcome.	Formation	 of	 the	 indolizidine	 ring	 228	 was	 confirmed	 by	 NMR,	 infra‐red	 and	 mass	spectroscopy.	The	appearance	of	a	singlet	at	ͳ.ͻͺ	ppm	integrating	to	͵(	was	indicative	of	the	S‐C(͵.	Multiplets	between	ͳ.Ͷͻ	‐	ͳ.ͻ͵	ppm	and	Ͷ.ͷʹ	‐	Ͷ.ͺͷ	ppm	[OCHȋC(ʹȌͶ]	corresponded	to	the	protons	of	the	cyclopentyl	ring	and	all	were		accounted	for.		The	pair	of	protons	attached	to	the	carbon	next	to	N	appeared	at	͵.͵Ͷ	and	͵.͹ͺ	‐	͵.ͺͶ	ppm	as	multiplets	while	the	other	C(ʹ	protons	appeared	at	ʹ.ͷͻ	‐	ʹ.͹͵	ppm.	The	aromatic	region	was	noisy	due	to	overlapping	multiplets	 between	 ͸.ͷͲ	 ‐	 ͸.͹͹	 ppm	 for	 ͵	 aromatic	 C(s	 and	 a	 cluster	 of	multiplets	 in	 the	region	spanning	͸.ͻ͹	‐	͹.ͷ͸	ppm	for	ͳͲ	aromatic	C(s.	The	 ͳ͵C	 NMR	 spectrum	 showed	 the	 doubling	 of	 all	 the	 carbon	 signals	 wherein	 S‐C(͵	was	observed	at	ͳͳ.ʹ	ppm	and	ͳͳ.͵	ppm,	all	the	C(ʹ	signals	were	accounted	for	at	ʹ͵.ͻ/ʹͶ.Ͳ	ppm,	͵ʹ.͹ͳ/͵ʹ.͹ͷ	 ppm,	 ͵͹.ͻͳ/͵͹.ͻ͵	 ppm	 and	 Ͷͳ.ͺʹ/Ͷͳ.ͺͶ	 ppm,	 the	 ʹ	 C(s	 were	 seen	 at	Ͷ͵.Ͷͳ/Ͷ͵.Ͷ͵	ppm	and	ͺͲ.Ͷ/ͺͲ.ͷ	 ppm	 [OC(ȋC(ʹȌͶ].	 The	 carbonyl	 peaks	were	 confirmed	 at	ͳͻͻ.ͷ/ʹͲͲ.ͻ	 ppm	 ȋC=OȌ.	 Further	 evidence	 was	 provided	 by	 )R	 data	 showing	 a	 shift	 in	absorption	from	ͳ͸ͷͷ	cm‐ͳ	ȋC=NȌ	to	ͳ͸ͻ͹	cm‐ͳ	ȋC=OȌ	and	(RMS	confirmed	C͵ʹ(͵͵NO͵SNa	by	the	 accurate	 and	 consistent	mass	measurement	 of	 ͷ͵Ͷ.ʹͲͳͳ	 [M+Na]+	when	 ͷ͵Ͷ.ʹͲͳ͵	was		required.	)n	order	to	verify	that	an	aryl	group	at	C͸	was	unable	to	control	the	stereochemistry	of	the	SMe	group	after	cycloaddition,	a	second	example	was	explored.	The	groupǯs	interest	in	azide	
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chemistry	 led	 us	 to	 explore	 the	 o‐azidobenzene	 substituted	 system	 shown	 below.	 We	envisaged	that	this	would	enable	us	 to	explore	not	only	the	stereochemical	outcome	of	 the	reaction,	 but	 also	 the	 azido	 chemistry	 of	 compounds	233,	234	 and	235.	 For	 example,	 the	intramolecular	aza	Wittig	reaction	of	233	and	234	ȋScheme	ʹ.ͷʹȌ.	
231229 230 232
234233 235 	Scheme	ʹ.ͷʹ	To	 arrive	 at	 the	 nitroalkene	 232,	 a	 fairly	 simple	 ͵	 step	 reaction	 sequence	 starting	 with	commercially	available	o‐aminobenzyl	alcohol	229	was	used	as	outlined	above.		
2.8	 Attempted	 synthesis	 of	 the	 azide	 substituted	
pyrrolizidine	ʹ.ͺ.ͳ	Synthesis	of	o‐azidobenzyl	alcohol		Amino	 groups	 can	 be	 conveniently	 converted	 to	 the	 corresponding	 azide	 by	 diazotisation	followed	 by	 azidation	 of	 the	 amine	 functionality.	 	 Readily	 available	o‐aminobenzyl	 alcohol	



























231 232a, 65% 232b, 6%
CH3NO2, NH4OAc
reflux, 24 h 	Scheme	ʹ.ͷ͸	The	structure	of	 the	nitro	olefin	232a	was	established	by	NMR,	 infra‐red	and	mass	spectroscopy.	The	ͳ(	spectrum	indicated	the	absence	of	 the	aldehyde	proton	ȋC(OȌ	singlet	and	 appearance	 of	 alkenyl	 protons	 ȋ‐C(=C(‐Ȍ	 at	 ͹.͹ͷ	ppm	 and	ͺ.ͳͶ	ppm	 each	 split	 into	 a	doublet	with	 a	 coupling	 constant	 of	 ͳ͵.ͺ	(z	 suggesting	 trans	 geometry	 in	 the	 alkene.	 The	infra‐red	 spectrum	 suggested	 loss	 of	 the	 aldehyde	 carbonyl	 peak	 and	 appearance	 of	 NOʹ	stretches	 at	 ͳͷ͵͹	 and	 ͳ͵͹͹	 cm‐ͳ.	 Analysis	 by	 mass	 spectroscopy	 found	 accurate	 mass	measurements	of	[M+Na]+		ʹͳ͵.Ͳ͵ͺͳ		when	Cͺ(͸NͶOʹNa	required	ʹͳ͵.Ͳ͵ͺʹ.	










































































































232a where R=R1 = CH3, 236
when R= CH3, R1= OCH3, 237 
Et3N
DCM









	Scheme	ʹ.͸ͷ	Next,	 the	 keto	 ester	 adduct	 237	was	 reduced	 with	 NiClʹ·͸(ʹO	 and	 NaB(Ͷ	 and	 afforded	 a	yellow	solid.	The	 ͳ(	spectrum	revealed	ʹ	C(͵	 groups	were	present	one	as	a	 triplet	at	ͳ.Ͷ͵	ppm	and	the	other	as	a	singlet	at	ʹ.ͻ͹	ppm.	A	quartet	at	Ͷ.Ͷʹ	ppm	integrating	to	ʹ	protons	suggested	 OC(ʹ	 of	 the	 ethoxy	 moiety	 was	 present.	 )n	 the	 aromatic	 region	 two	 sets	 of	doublets	of	doublets	at	͹.ͷͳ	and	͹.͹ͷ	ppm,	two	sets	of	doublets	at	͹.ͺͶ	and	ͺ.Ͳʹ	ppm	and	a	singlet	 at	 ͺ.͹ͳ	ppm	 integrating	 to	 a	 C(	 again	 showed	 the	 quinoline	 ȋͻ%	yieldȌ	 compound	
































R1= ketone and R2 = ketone or ester













240 where R= Et,  241a
where R= Me, 241b
Et3N
































2.9	Amino	pyridines		ʹ.ͻ.ͳ	Reaction	of	the	nitro‐olefin	with	amino	pyridine	At	this	point	it	was	thought	useful	to	explore	the	utility	of	compound	232a	further.	A	recent	literature	 reportʹͲʹ	 showed	 that	 Ⱦ‐nitrostyrene	 reacts	 with	 ʹ‐aminopyridine	 to	 give	 an	imidazopyridine.	)f	232a	underwent	the	same	reaction,	it	would	yield	compound	243	and	we	were	 intrigued	 to	 see	how	 this	might	behave	under	NiClʹ·͸(ʹO	and	NaB(Ͷ	 conditions	 that	were	explored	above.	
232a 243
CuI, DMF






	Scheme	ʹ.͹͵	The	structure	of	the	proposed	product	244	was	confirmed	by	spectroscopic	analysis.	The	 ͳ(	NMR	 spectrum	was	 consistent	with	 the	 structure	 in	which	 three	 aromatic	 protons	were	 observed	 as	multiplets	 between	 ͹.ʹ͸	 –	 ͹.͸ͷ	 and	 ͹.͹͸	 –	 ͹.ͺʹ	 ppm.	Another	multiplet	integrated	 to	 four	 protons	 between	 ͹.͸͸	 ‐	 ͹.͹Ͷ	 whilst	 a	 doublet	 appeared	 at	 ͻ.͵͹	 ppm	corresponded	to	an	aromatic	proton.	Two	singlets	each	 integrated	to	three	protons	at	͵.ͺͳ	and	͵.ͻͳ	ppm	indicating	the	presence	of	the	two	methyl	esters	in	the	molecule.		















250249 	Scheme	ʹ.͹͸	As	 part	 of	 this	 project	 it	 was	 decided	 to	 explore	 the	 chemistry	 of	 249	 in	 more	 detail	 to	specifically	look	at	the	possible	use	of	249	in	the	aza‐Prins	reaction	shown	in	Scheme	ʹ.͹͹.	
X=SO2 or CO
249 		Scheme	ʹ.͹͹	The	 aza‐Prins	 reaction	 is	 an	 example	 of	 an	 iminium	 cyclisation	 method	 used	 in	 the	construction	 of	 nitrogen	 heterocyclesʹͲ͵	 ȋFigure	 ʹ.ͶȌ.	 The	 reaction	 substrates	 are	 a	homoallylic	 amine,	 an	 aldehyde	 and	 a	 Lewis	 acid,	wherein	 the	 homoallylic	 amines	 can	 be	easily	 accessed	 using	 the	 chemistry	 devised	 in	 our	 group	 for	 the	 synthesis	 of	 compounds	













Ts 	Scheme	ʹ.͹ͺ	Dobbsǯ	investigation	of	tosylated	amines	in	the	aza‐Prins	approach.	To	begin	this	study,	the	nitro	251	and	azido	253	precursors	to	249	were	readily	prepared	from	commercially	available	ʹ‐nitrobenzenesulfonyl	chloride	as	shown	in	Scheme	ʹ.͹ͻ.	The	nitrobenzene	 sulfonamide	 251	 was	 prepared	 in	 a	 single	 step	 starting	 from	 ʹ‐nitrobenzenesulfonyl	chloride	whilst	the	aryl	azide	253	was	obtained	by	diazotisation	of	the	corresponding	amine	252,	followed	by	azidation	of	the	resulting	diazonium	chloride.	
251 252
253





    EtOH, NH3 (aq), HCl
NaNO2, 0 °C































		 Scheme	ʹ.ͺͲ:	Mechanism	of	sulfonamide	formation	ʹ.ͳͲ.ʹ	Synthesis	of	N‐sulfinyl‐o‐substituted	benzenesulfonamide		The	method	employed	 for	 the	synthesis	of	 the	homoallylic	sulfonamide	derivatives	needed	for	this	work	was	previously	used	in	the	group	by	Patel	and	Chambersͻͷ	as	illustrated	in	the	outline	below	ȋScheme	ʹ.ͺͳȌ.	
N-sulfinyl intermediate



























	Scheme	ʹ.ͺͶ	When	compound	254	was	 treated	with	 indium	chloride	at	 r.t.	 for	ʹͶ	h,	 the	majority	of	 the	starting	material	was	consumed	and	column	chromatography	gave	a	white	solid	in	low	yield	ȋͳ͵%Ȍ.	Spectroscopic	analysis	indicated	that	a	successful	aza‐Prins	reaction	occurred	by	the	loss	of	the	N(	peak	and	C(ʹ	alkene	signals.	The	octanal	unitǯs	alkyl	protons	were	present	in	the	 ͳ.ʹʹ	 ‐	 ͳ.͹ͳ	 ppm	 region	 but	 the	 product	 appeared	 to	 be	 mixture	 of	 alkene	 products	ȋ255a/	255bȌ	 and	 could	 not	 be	 purified	 further.	 This	 attempt	 indicated	 that	 the	 reaction	may	be	of	interest	and	therefore	further	unsuccessful	attempts	were	made	in	an	attempt	to	optimise	 the	 process.	 The	 process	 was	 also	 repeated	 with	 another	 diene	 ȋʹ,͵‐dimethyl	butadieneȌ	to	see	if	better	results	could	be	obtained	as	discussed	below.	ʹ.ͳͲ.Ͷ	Synthesis		
o‐Nitrobenzenesulfonamide	was	treated	with	a	solution	of	thionyl	chloride	in	T(F	in	the	 presence	 of	 anhydrous	 pyridine	 under	 dry	 conditions	 and	 consequently	 with	 ʹ,͵‐dimethylbutadiene	to	yield	 the	derivative	256	as	a	yellow	oil	 in	ʹ͵%	yield	after	hydrolytic	workup.	 Spectroscopic	 analysis	 confirmed	 the	 structure	 as	 compound	 256.	 The	 ͳ(	 NMR	
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octanal, DCM 	Scheme	ʹ.ͺ͸	On	subjecting	the	nitro	alkene	derivative	256	 to	aza‐Prins	reaction	conditions	with	 indium	chloride,	 the	reaction	was	unsuccessful	and	did	not	produce	any	 identifiable	products.	The	isoprene	reaction	had	hinted	that	the	reaction	may	be	possible	but	could	not	be	repeated.	Next	 we	 decided	 to	 look	 at	 the	 isoprene	 again	 with	 a	 different	 aromatic	 substituent.	 We	moved	 on	 to	 prepare	 the	 corresponding	 azides,	 a	 species	 that	 as	 discussed	 before	 in	 this	thesis,	 has	 always	 been	of	 interest	 due	 to	 our	 focus	 on	 the	 azide	 group.	 To	 synthesise	 the	azide	ortho	to	the	sulfonyl	group,	ʹ‐nitro	sulfonamine	251	was	reduced	to	an	aryl	amine	257	which	then	underwent	diazotisation	and	azidation	to	synthesise	the	azide	precursor.	ʹ.ͳͲ.͸	Synthesis	of	o‐amino	benzenesulfonamide	There	are	many	known	synthetic	methods	for	the	reduction	of	aromatic	nitro	compounds	to	their	corresponding	anilines.	The	commonly	 investigated	routes	 include	using	Zn,	Sn,	Fe	as	well	 as	 catalytic	 hydrogenations	 with	 hydrazine	 in	 the	 presence	 of	 a	 catalystʹͳͳ.	 Catalytic	
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octanal, DCM 	Scheme	ʹ.ͻͶ	When	ʹ‐azidosulfonamide	258	was	reacted	under	aza‐Prins	reaction	conditions,	it	gave	the	corresponding	 imine	262	 as	 a	pale	 yellow	oil	 in	ʹ͸%	yield	 and	no	 saturated	 amine	of	 the	type	261	was	isolated.		This	indicates	that	the	imine	262	is	not	a	precursor	to	the	amine	261		which	implies	the	reformation	of	258	under	these	reaction	conditions	is	unlikely	to	be	a	valid	mechanism.	A	suggested	mechanism	is	shown	in	Scheme	ʹ.ͻͷ	below.	Thus,	the	nucleophilic	nitrogen	 attacks	 the	 aldehyde,	 loses	 O(	 to	 form	 an	 iminium	 ȋas	 per	 the	 expected	 Prins	
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261 	Scheme	ʹ.ͻͷ	Plausible	mechanism	for	the	synthesis	of	the	imine.	ʹ.ͳͲ.ͳ͵	Summary		Based	on	various	successful	 literature	reports,	we	attempted	 to	use	aza‐Prins	chemistry	 to	form	nitrogen	heterocycles.		Aza‐Prins	processes	on	homo	allylic	sulfonamides	derived	from	





















The	 ͳ(	 NMR	 spectra	 are	 reported	 as	 follows:	 δ	 /	 ppm	 ȋnumber	 of	 protons,	 multiplicity,	coupling	constants	J	/(z,	assignmentȌ.	DEPT	and	two‐dimensional	NMR	spectroscopy	ȋCOSY,	(SQCȌ	were	used	where	appropriate	 to	assist	 the	assignment	of	 the	signals	 in	 the	 ͳ(	NMR	and	ͳ͵C	NMR	spectra.	




3.1	 Synthesis	 of	 pyrrolobenzodiazepines	 and	
pyrrolobenzothiadiazepines	͵.ͳ.ͳ	Synthesis	of	ʹ‐azidobenzoic	acid	
180a 181b
1. NaNO2, HCl, 0 °C
2. NaN3, 0 °C 	To	a	 suspension	of	anthranilic	acid	 ȋʹ.ͲͲ	g,	ͳͶ.ͷͺ	mmol,	ͳ.Ͳ	eqȌ	 in	water	 ȋ͸	mLȌ,	a	solution	of	NaNOʹ	ȋͳ.ʹͳ	g,	ͳ͹.Ͷͻ	mmol,	ͳ.ʹ	eqȌ	in	water	ȋ͸	mLȌ	was	added	dropwise	and	the	mixture	was	stirred	at	Ͳ	°C	for	͵Ͳ	min.	This	resultant	solution	was	then	added	dropwise	to	a	solution	 of	 sodium	 acetate	 ȋͳͶ.ͻͷ	 g,	 ͳͺʹ.ʹͷ	 mmol,	 ͳʹ.ͷ	 eqȌ,	 sodium	 azide	 ȋͳ.ͳͶ	 g,	 ͳ͹.Ͷͻ	mmol,	ͳʹ.ͷ	eqȌ	in	water	ȋʹʹ	mLȌ	and	the	mixture	was	stirred	for	ʹ	h	at	Ͳ	°C.	The	precipitate	was	collected	by	vacuum	filtration	to	afford	ʹ‐azidobenzoic	acid	as	a	tan	coloured	solid	ȋͳ.ͻͷ	g,	ͺͻ%Ȍ.	δ(	ȋͷͲͲ	M(z,	CDCl͵Ȍ:	͹.ͳͷ	ȋͳ(,	dd,	J	ͺ.Ͳ,	ͺ.Ͳ,	ArHȌ,	͹.ʹͲ	ȋͳ(,	d,	J	ͺ.Ͳ,	ArHȌ,	͹.Ͷͻ	ȋͳ(,	dd,	J		͹.ͻ,	͹.ͻ,	ArHȌ,	͹.͸͹	ȋͳ(,	d,	J	͹.ͻ,	ArHȌ.	δC	ȋͳʹͷ	M(z,	CDCl͵Ȍ:	ͳʹͳ.ʹ	ȋC(Ȍ,	ͳʹͶ.Ͳ	ȋqCȌ,	ͳʹͷ.͹	ȋC(Ȍ,	ͳ͵ʹ.ʹ	ȋC(Ȍ,	ͳ͵Ͷ.Ͷ	ȋC(Ȍ,	ͳ͵ͻ.ͻ	ȋqCȌ,	ͳ͸ͺ.Ͷ	ȋqCȌ.	ɋmax	ȋcm‐ͳȌ:	͵ͲͲ͸	‐	ʹ͸ͳͷ	ȋbrȌ,		ʹͳʹʹ	[N͵]	ȋmȌ,	ͳ͸ͺͻ	[C=O]	ȋsȌ,	ͳͷͻ͸	ȋsȌ,	ͳͷ͹ͷ	ȋsȌ,	ͳͶͺͶ	ȋsȌ,	͹Ͷͻ	ȋsȌ.		The	data	was	consistent	with	previously	reported	dataͳ͹ͳ.	͵.ͳ.ʹ	 Synthesis	 of	 ȋʹSȌ‐N‐ȋʹǯ‐azidobenzoylȌ‐ʹ‐ȋhydroxymethylȌ‐pyrrolidine‐ʹ‐carbonitrile	
181b 182 183
 1) SOCl2 , ∆






ʹ‐Azidobenzoic	 acid	 ȋͲ.͹ͳͲ	 g,	 Ͷ.͵͸	mmol,	 ʹ.Ͷͻ	 eqȌ	 in	 thionyl	 chloride	 ȋͷ	mLȌ	was	heated	at	ͺͷ	°C	under	a	Nʹ	atmosphere	for	͵	h.	The	reaction	mixture	was	allowed	to	cool	to	r.t.	and	then	the	excess	thionyl	chloride	was	removed	in	vacuo	and	the	residue	was	washed	with	 DCM	 ȋʹ	 x	 ͳͲ	 mLȌ	 and	 evaporated	 to	 yield	 the	 ʹ‐azidobenzoyl	 chloride	 as	 a	 dark	coloured	solid	which	was	dissolved	in	DCM	ȋͳͲ	mLȌ.	 	L‐Prolinamide	ȋͲ.ʹͲͲ	g,	ͳ.͹ͷ	mmol,	ͳ	eqȌ	was	dissolved	in	DCM	ȋͷ	mLȌ	and	to	this	KʹCO͵	ȋͳ.ͲͲ	g,	͹.ʹ͵	mmol,	Ͷ.ͳͶ	eqȌ	in	water	ȋͷ	mLȌ	was	added	in	one	portion.	The	acid	chloride	in	DCM	ȋͳͲ	mLȌ	was	added	dropwise	to	the	above	 reaction	 mixture	 and	 the	 whole	 was	 stirred	 overnight.	 The	 organic	 phase	 was	separated,	and	the	aqueous	phase	was	extracted	with	DCM	ȋ͵	x	ͳͲ	mLȌ.	The	organic	phases	were	 combined,	 dried	 ȋMgSOͶȌ,	 concentrated	 under	 reduced	 pressure	 and	 purified	 by	column	chromatography	ȋ͸͸%	EtOAc:	PetȌ	to	give	the	nitrile	product	as	a	brown	oil	ȋͲ.ͳ͵Ͳ	g,	͵ͳ%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ	rotamers:	ͳ.ͻͺ	‐	ʹ.Ͳͺ	ȋͳ(,	m,	CH(Ȍ,	ʹ.ͳͲ	‐	ʹ.ʹͶ	ȋͳ(,	m,	CH(Ȍ,	ʹ.ʹ͹	‐	ʹ.ͶͲ	ȋͳ(,	m,	CH(Ȍ,	͵.ʹ͸	‐	͵.͵ͳ	ȋͳ(,	m,	CH(Ȍ,	͵.͵͹	‐	͵.ͶͶ	ȋͳ(,	m,	NC(HȌ,	͵.͸ͻ	‐	͵.ͺͲ	ȋͳ(,	m,	NCH(Ȍ,	Ͷ.ͻʹ	ȋͳ(,	dd,	J	͹.ͺ,	͵.ͺ,	CHCNȌ,	͹.ʹ͵	ȋʹ(,	m,	ArHȌ,	͹.͵Ͷ	ȋͳ(,	dd,	J	͹.ͺ,	ͳ.͸,	ArHȌ,	͹.Ͷͺ	ȋͳ(,	ddd,	J	͹.ͺ,	͹.ͺ,	ͳ.͸,	ArHȌ.	δC	 ȋͳͲͲ	 M(z,	 CDCl͵Ȍ:	 ʹ͵.ͳ/ʹͶ.ͻ	 ȋC(ʹȌ,	 ͵Ͳ.Ͷ/͵ʹ.ʹ	 ȋC(ʹȌ,	 Ͷͷ.͸/Ͷ͸.ͳ	 ȋC(Ȍ,	 Ͷ͹.ͷ/Ͷͺ.͹	 ȋC(ʹȌ,	ͳͳͺ.Ͳ/ͳͳͺ.ͳ	 ȋqCȌ,	 ͳͳͺ.ͷ/ͳͳͺ.͸	 ȋC(Ȍ,	 ͳʹͷ.ͳ/ͳʹͷ.Ͷ	 ȋC(Ȍ,	 ͳʹ͹.͹/ͳʹ͹.ͺ	 ȋqCȌ,	 ͳʹͺ.ͳ	 ȋC(Ȍ,	ͳ͵ͳ.ͳ/ͳ͵ͳ.͵	ȋC(Ȍ,	ͳ͵͸.Ͷ	ȋqCȌ,	ͳ͸͹.Ͳ	ȋqCȌ.		ɋmax	ȋthin	film	cm‐ͳȌ:	͵Ͳͳʹ	ȋmȌ,	ʹͻͻʹ	ȋmȌ,	ʹʹʹͷ[CN]	ȋwȌ,	ʹͳͳʹ	ȋsȌ,	ͳ͸Ͷʹ	ȋsȌ,	ͳͷ͹ͺ	ȋmȌ,	ͳͶͷͲ	ȋsȌ,	ͳͲͻͶ	ȋwȌ.	The	data	was	consistent	with	previously	reported	dataͳ͹ͳ.	͵.ͳ.͵	Synthesis	of	tetrazolo[ͳ,ͷ‐a]	pyrrolo[ʹ,ͳ‐c][ͳ,Ͷ]‐benzodiazepine‐ͷ‐one	
183 184
Reflux, Toluene
		ȋʹSȌ‐N‐ȋʹǯ‐azidobenzoylȌ‐ʹ‐ȋhydroxymethylȌ‐pyrrolidine‐ʹ‐carbonitrile	 ȋͲ.ͳͲͲ	 g,	Ͳ.Ͷͳͷ	mmolȌ	was	heated	to	reflux	in	anhydrous	toluene	ȋͷ	mLȌ	under	a	nitrogen	atmosphere	for	 	 ͹	 h.	 The	 reaction	mixture	was	 allowed	 to	 cool	 to	 r.t.	 and	 the	 solvent	was	 removed	 in	
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vacuo	to	yield	a	pale	yellow	oil,	which	was	purified	by	flash	silica	gel	chromatography	ȋ͸͸%	EtOAc:	PetȌ	to	afford	the	tetrazolo	product	as	a	white	solid	ȋͲ.ͲͶͲ	g,	ͶͲ%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ʹ.ͳ͸	‐	ʹ.ʹͶ	ȋʹ(,	m,	NC(ʹCH2Ȍ,	ʹ.ͷͶ	‐	ʹ.͸͵	ȋͳ(,	m,	C(HȌ,	͵.ͳ͸	‐	͵.ʹ͵	ȋͳ(,	m,	C(CH(Ȍ,	͵.͹Ͳ	 ‐	͵.͹͹	 ȋͳ(,	m,	NC(HȌ,	͵.ͺͶ	 ‐	͵.ͻͲ	 ȋͳ(,	m,	NCH(Ȍ,	Ͷ.ͺ͵	 ȋͳ(,	dd,	 J	 ͺ.Ͷ,	͵.ʹ,	CHCNȌ,	͹.͸Ͷ	ȋͳ(,	ddd,	J	͹.͸,	͹.͸,	ͳ.͵,	ArHȌ,	͹.͹͸	ȋͳ(,	ddd,	J	͹.͸,	͹.͸,	ͳ.͵,	ArHȌ,	͹.ͻͷ	ȋͳ(,	dd,	J	ͺ.Ͳ,	ͳ.͵,	ArHȌ,	ͺ.ͳͺ	ȋͳ(,	dd,	J	ͺ.Ͳ,	ͳ.͵,	ArHȌ.	δC	 ȋͳͲͲ	M(z,	 CDCl͵Ȍ:	 ʹ͵.ͷ	 ȋC(ʹȌ,	 ʹͺ.ʹ	 ȋC(ʹȌ,	 Ͷͺ.ʹ	 ȋC(ʹȌ,	 Ͷͻ.͹	 ȋC(Ȍ,	 ͳʹʹ.ͷ	 ȋC(Ȍ,	 ͳʹ͹.ʹ	 ȋqCȌ,	ͳʹͻ.ͺ	ȋC(Ȍ,	ͳ͵Ͳ.͵	ȋqCȌ,	ͳ͵ʹ.͵	ȋC(Ȍ,	ͳ͵͵.ͳ	ȋC(Ȍ,	ͳͷͶ.ͷ	ȋqCȌ,	ͳ͸͵.Ͷ	ȋqCȌ.	ɋmax	ȋthin	film	cm‐ͳȌ:	ʹͻʹ͵	ȋmȌ,	ͳ͸ͶͶ	[C=O]	ȋsȌ,	ͳͶ͹Ͳ	ȋsȌ,	ͳͶͲͻ	ȋsȌ,	ͳʹͶͳ	ȋmȌ,	ͳͳͷͳ	ȋmȌ,	ͳͳʹͷ	ȋmȌ,	ͳͲͻͷ	ȋmȌ,	ͺ͵ʹ	ȋmȌ.		The	data	was	consistent	with	previously	reported	dataͳ͹ͳ.	͵.ͳ.Ͷ	Synthesis	of	ȋʹSȌ‐	N‐	ȋʹǯ‐azidobenzoylȌ‐ʹ‐ȋhydroxymethylȌ‐pyrrolidine		
181b 185
1) SOCl2, 85 °C, 3 h
2) L-Prolinol, K2CO3, r.t.
	Thionyl	chloride	ȋͷ	mLȌ	was	added	to	ʹ‐azidobenzoic	acid	ȋͲ.͹͹	g,	Ͷ.͹ʹ	mmol,	ͳ	eqȌ	and	was	heated	to	reflux	under	a	nitrogen	atmosphere	at	ͺͷ	°C	for	͵	h.	The	reaction	mixture	was	 allowed	 to	 cool	 to	 r.t.,	 and	 the	 excess	 thionyl	 chloride	was	 removed	 in	 vacuo	 and	 the	residue	was	washed	with	DCM	ȋʹ	x	ͳͲ	mLȌ	and	evaporated	 to	yield	 the	acid	 chloride	as	 a	dark	coloured	liquid	which	was	dissolved	in	DCM	ȋͳͲ	mLȌ.	To	a	stirring	solution	of	S‐prolinol	ȋͲ.͹ͺ	g,	͹.͹ͳ	mmol,	ͳ.͸	eqȌ	in	DCM	ȋͳͷ	mLȌ,	was	added	a	solution	of	potassium	carbonate	ȋʹ.Ͳ͹	g,	ͳͶ.ͻ͹	mmol,	͵.ʹ	eqȌ	in	one	portion.	After	stirring	for	ͳͷ	 min,	 the	 ʹ‐azidobenzoyl	 chloride	 in	 ͳͲ	 mL	 DCM	 was	 added	 dropwise	 to	 the	 reaction	mixture,	and	the	whole	was	stirred	at	r.t.	overnight.	The	organic	phase	was	separated	and	the	aqueous	layer	was	extracted	with	DCM	ȋ͵	x	ͳͲ	mLȌ.	The	organic	layers	were	combined,	dried	ȋMgSOͶȌ,	 filtered	 and	 concentrated	 to	 yield	 a	 dark	 coloured	 oil.	 Purification	 by	 silica	chromatography	 ȋͷͲ%	EtOAc:	(exȌ	 yielded	 the	 desired	 alcohol	 as	 a	 yellow	 solid	 ȋͲ.͸ͳͲ	 g,	ͷ͵%Ȍ.	
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	A	solution	of	oxalyl	chloride	in	DCM	ȋͳ.ͺͲ	mL,	͵.͸͸	mmol,	ͳ.ʹ	eqȌ	was	cooled	to	‐͹ͺ	°C	and	diluted	with	dry	DCM	ȋͶ	mLȌ.	To	it,	DMSO	ȋͲ.͸͵	mL,	Ͳ.͸ͻ͵	g,	ͺ.ͺ͹	mmol,	ʹ.ͻ	eqȌ	in	dry	DCM	 ȋͷ	 mLȌ	 and	 the	 alcohol	 ȋͲ.͹ͷͲ	 g,	 ͵.Ͳͷ	mmol,	 ͳ	 eqȌ	 in	 dry	 DCM	 ȋͷ	 mLȌ	 were	 added	dropwise.	After	stirring	the	resultant	solution	for	ͳͷ	min	at	 ‐͹ͺ	°C,	Et͵N	ȋͳ.ͳʹ	mL,	Ͳ.ͺͳ͵	g,	ͺ.ͲͶ	mmol,	ʹ.͸	eqȌ	was	added	dropwise	and	 the	mixture	was	allowed	 to	 reach	r.t.	over	an	hour.	The	reaction	mixture	was	then	quenched	with	EtʹO	ȋͳͲ	mLȌ	and	water	ȋͳͲ	mLȌ.	The	organic	 layer	was	separated	and	the	aqueous	 layer	was	extracted	with	EtOAc	ȋ͵	x	ͳͲ	mLȌ.	The	organic	layers	were	combined,	dried	ȋMgSOͶȌ,	filtered	and	concentrated	in	vacuo	to	yield	the	product	as	a	brown	oil.	The	crude	oil	was	then	chromatographed	over	silica;	͹ͷ%	EtOAc:	(ex	to	yield	the	desired	aldehyde	as	a	yellow	oil	as	a	mixture	of	rotamers	ȋͲ.͸ʹ	g,	ͺ͵%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ	rotamers:	ͳ.ͺͶ	‐	ͳ.ͻ͸	ȋʹ(,	m,	CH2Ȍ,	ʹ.ͲͶ	‐	ʹ.ͳʹ	ȋͳ(,	m,	CH(Ȍ,	ʹ.ͳͶ	‐	ʹ.ʹͳ	ȋͳ(,	m,	CH(Ȍ,	͵.ʹʹ	‐	͵.Ͷ͵	&	͵.͹ͳ	‐	͵.ͺͺ	ȋʹ(,	m,	CH2Ȍ,	Ͷ.ͳͷ	‐	Ͷ.ͳ͹	&	Ͷ.͸ʹ	‐	Ͷ.͸ͷ	ȋͳ(,	m	,	CHC(OȌ,	͹.ͳʹ	‐	͹.ʹ͵	ȋʹ(,	m,	ArHȌ,	͹.ʹ͸	ȋͳ(,	dd,	 J	͹.͹,	ͳ.Ͷ,	ArHȌ,	͹.͵ͷ	ȋͳ(,	dd,	 J	͹.͹,	ͳ.Ͷ,	ArHȌ,	͹.ͶͲ	&	͹.Ͷͷ	ȋͳ(,	ddd,	J	͹.͹,	͹.͹,	ͳ.Ͷ,	ArHȌ,	ͻ.ʹͻ	&	ͻ.͹Ͳ	ȋͳ(,	d,	J	ͳ.ͻ,	CHOȌ.	
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1) SOCl2, 85 °C, 3 h
2) L-valinol, K2CO3, r.t.
























	When	 the	 oxime	 was	 heated	 at	 reflux	 in	 toluene,	 the	 reaction	 did	 not	 give	 any	 single	identifiable	product.	
3.3	Synthesis	of	sulfur	analogues	of	Fuligocandin	A	and	B		͵.͵.ͳ	Synthesis	of	ͳ‐ȋʹ‐nitrobenzenesulfonylȌpyrrolidine‐ʹ‐carboxylic	acid	
197 198
3N NaOH 	ʹ‐Nitrobenzenesulfonyl	chloride	ȋʹ.ͲͲ	g,	ͻ.Ͳʹ	mmol,	ͳ	eqȌ	was	added	portionwise	over	a	period	of	ͷ	min	 to	a	well	 stirred	and	 ice‐cooled	solution	of	pyrrolidine‐ʹ‐carboxylic	acid	ȋͳ.ͲͶ	g,	ͻ.Ͳʹ	mmol,	ͳ	eqȌ	in	͵N	NaO(	ȋ͹	mLȌ.		͵Ͳ	min	of	vigorous	stirring	resulted	in	a	
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clear	 yellow	 solution	 which	 was	 acidified	 with	 conc.	 (Cl	 dropwise	 then	 extracted	 into	ethylacetate	ȋ͵	x	ͳͷ	mLȌ.	The	organic	extracts	were	combined,	dried	and	evaporated	to	give	a	pale	yellow	oil	ȋʹ.Ͳ͸	gȌ	in	͹͸%	yield	and	excellent	purity	which	was	directly	carried	forward	without	any	purification.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.ͻͳ	 ‐	ʹ.Ͳ͹	ȋʹ(,	m,	pyrrolidine	HȌ,	ʹ.Ͳͻ	 ‐	ʹ.ͳͺ	ȋͳ(,	m,	pyrrolidine	HȌ,	ʹ.ʹͳ	‐	ʹ.͵͵	ȋͳ(,	m,	pyrrolidine	HȌ,	͵.ͶͶ	‐	͵.͸͸	ȋʹ(,	m	pyrrolidine	HȌ,	Ͷ.ͷ͹	ȋͳ(,	dd,	J	͵.Ͳ,	ͺ.͹,	pyrrolidine	HȌ,	͹.ͷͻ	‐	͹.͸ͷ	ȋͳ(,	m,	ArHȌ,	͹.͸͸	‐	͹.͹Ͷ	ȋʹ(,	m,	ArHȌ,	ͺ.Ͳͳ	‐	ͺ.Ͳͺ	ȋͳ(,	m,	ArHȌ,	ͳͳ.Ͳ͸	ȋͳ(,	s,	OHȌ.		The	data	closely	matched	values	found	in	literatureͳ͹Ͷ.	͵.͵.ʹ	Synthesis	of	ʹ‐ethoxycarbonyl‐ͳ‐ȋʹ‐nitrobenzenesulfonylȌpyrrolidine	
199 198
1.(COCl)2, DMF
Anhy Toluene, 3 h, r.t.
2.EtOH, 1 h, r.t.
	Oxalyl	chloride	ȋͲ.͸	mL,	Ͳ.ͺͷ	g,	͸.͸͸	mmolȌ	and	anhydrous	N,N‐dimethylformamide	ȋͶͲ	ɊLȌ	were	sequentially	added	into	a	suspension	of	the	nitro	acid	ȋʹ.ͲͲ	g,	͸.͸͸	mmol,	ͳ	eqȌ	in	dry	toluene	ȋͳͷ	mLȌ.	The	resulting	mixture	was	stirred	at	r.t.	under	Nʹ	atmosphere	for	͵	h.	Absolute	 ethanol	 ȋͳͶ	 mLȌ	 was	 then	 added	 and	 stirring	 was	 maintained	 for	 ͳ	 h.	 After	concentration,	ethyl	acetate	ȋ͵	x	ͳͷ	mLȌ	was	added	and	the	organic	 layers	were	separated,	washed	with	sodium	bicarbonate	ȋͳͲ	mLȌ,	brine	and	dried	ȋMgSOͶȌ.	Removal	of	the	solvent	afforded	the	desired	nitroester	in	ͺʹ%	ȋͳ.ͺͲ	gȌ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.ʹͳ	ȋ͵(,	t,	J	͹.ͳ,	C(ʹCH3Ȍ,	ͳ.ͻʹ	‐	ʹ.ͳʹ	ȋ͵(,	m,	pyrrolidine	HȌ,	ʹ.ʹͳ	‐	ʹ.͵Ͷ	ȋͳ(,	m,	pyrrolidine	HȌ,	͵.ͷͳ	‐	͵.͸ͻ	ȋʹ(,	m,	pyrrolidine	(Ȍ,	Ͷ.Ͳ͸	‐	Ͷ.ͳͻ	ȋʹ(,	m,	OCH2Ȍ,	Ͷ.ͷͻ	ȋͳ(,	dd,	J	ͺ.͸,	ʹ.ͺ,	pyrr	HȌ,	͹.͸Ͳ	‐	͹.͸͸	ȋͳ(,	m,	ArHȌ,	͹.͸͹	‐	͹.͹͵	ȋʹ(,	m,	ArHȌ,	ͺ.Ͳͺ	‐	ͺ.ͳͶ	ȋͳ(,	m,	ArHȌ.	The	data	for	the	compound	closely	matched	that	available	in	literatureͳ͹Ͷ.	
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2 h,  60 °C
















NH2 OCH2CH3 	A	mixture	 of	 the	 aminoester	 ȋͳ.͹͹	 g,	 ͷ.ͻͶ	mmol,	 ͳ	 eqȌ,	 ʹ‐hydroxypyridine	 ȋͲ.ͷ͸	 g,	ͷ.ͻͶ	mmol,	ͳ	eqȌ	in	diphenyl	ether	ȋͳͲ	mLȌ	was	heated	at	ʹͲͷ	°C	while	monitoring	via	TLC	overnight	for	ͳͷ	h.	On	cooling	the	crude	reaction	mixture	was	poured	over	n‐hexane	ȋͳͲ	mLȌ	and	 allowed	 to	 stand	 for	 ͳͲ	min.	 The	 clear	 supernatant	was	 discarded	 and	 the	 solid	was	dissolved	in	C(Cl͵	ȋʹ	mLȌ	and	purified	on	an	alumina	column	ȋC(Cl͵Ȍ	to	afford	the	cyclised	compound	as	a	brown	solid	ȋͲ.ͶͷͲ	gȌ	in	͵Ͷ%	yield.	
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δ(	 ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.͹͹	‐	ͳ.ͺ͵	ȋͳ(,	m,	pyrrolidine	HȌ,	ͳ.ͻ͵	‐	ʹ.Ͳʹ	ȋͳ(,	m,	pyrrolidine	HȌ,	ʹ.ͳͳ	 ‐	 ʹ.ͳͶ	 ȋͳ(,	m,	 pyrrolidine	HȌ,	 ʹ.ͶͲ	 ‐	 ʹ.ͷʹ	 ȋͳ(,	m,	 pyrrolidine	 (Ȍ,	 ʹ.ͻ͵	 ‐	 ͵.Ͳͳ	 ȋͳ(,	m,	pyrrolidine	HȌ,	͵.ͶͶ	‐	͵.ͷͶ	ȋͳ(,	m,	pyrrolidine	HȌ,	Ͷ.͸ͳ	‐	Ͷ.͸ͷ	ȋͳ(,	m,	pyrrolidine	HȌ,	͹.ͳʹ	ȋͳ(,	d,	J	͹.ͺ,	ArHȌ,	͹.ͳͻ	ȋͳ(,	d,	J	͹.ͺ,	ArHȌ,	͹.ͷͲ	ȋͳ(,	dd,	J	͹.ͺ,	ͳ.Ͷ,	ArHȌ,	͹.ͺͺ		ȋͳ(,	dd,	J	 	͹.ͺ,	ͳ.Ͷ,	ArHȌ,	ͺ.ͻ͸	ȋͳ(,	s,	NHȌ.	The	data	closely	matched	literature	values͹ͻ.	͵.͵.ͷ	Synthesis	of	the	thioamide	
201 202
P2S5.Py2







    ∆ 100 °C, 3 h
1. NaH, DMSO
2. ClCH2COCH3
	To	a	solution	of	the	thioamide	ȋͲ.Ͳͻͺ	g,	Ͳ.͵͸͸	mmol,	ͳ	eqȌ	in	DMSO	ȋͷ	mLȌ	was	added	sodium	hydride	ȋ͸Ͳ%,	Ͳ.Ͳͳͺ	g,	Ͳ.͹͵ʹ	mmol,	ʹ	eqȌ	over	ͷ	min	and	the	mixture	was	stirred	at	r.t.	for	͵Ͳ	min	under	Nʹ.	The	reaction	mixture	was	then	treated	with	chloroacetone	ȋͲ.Ͳ͹	mL,	Ͳ.Ͳͺͷ	g,	Ͳ.ͻͳͷ	mmol,	ʹ.ͷ	eqȌ	and	after	an	hour	of	 stirring	at	 r.t.,	 trimethyl	phosphite	 ȋͲ.ͳ͵	mL,	Ͳ.ͳ͵͸	g,	ͳ.ͳͲ	mmol,	͵	eqȌ	and	DABCO	ȋͲ.ͳʹͶ	g,	ͳ.ͳͲ	mmol,	͵	eqȌ	were	added	and	 the	whole	reaction	mixture	was	allowed	to	stir	at	ͳͲͲ	°C	and	the	reaction	was	monitored	by	TLC	until	all	the	alkylated	species	was	consumed.	After	͵	h,	the	reaction	mixture	was	poured	into	distilled	water	ȋͳͷ	mLȌ	and	extracted	with	C(ʹClʹ	ȋ͵	x	ʹͲ	mLȌ.	The	combined	organic	phases	were	 washed	 with	 water	 ȋ͵	 x	 ʹͲ	 mLȌ	 dried	 over	 MgSOͶ	 and	 evaporated	 under	 reduced	pressure.	The	 crude	product	was	 isolated	 and	purified	by	 column	 chromatography	 eluting	with	ʹͲ%	EtOAc:	Pet	to	give	no	distinct	or	identifiable	products.	








chloride	 ȋ͵.ͷͷ	g,	 ͳ͸.ͲͲ	mmol,	ͳ	 eqȌ	 in	dry	T(F	 ȋ͵ʹ	mLȌ	was	 slowly	dropped	onto	 the	 ice‐cooled	suspension	and	stirring	was	 then	continued	at	r.t.	 for	ʹ.ͷ	h.	After	concentrating	 the	solution	under	reduced	pressure,	the	resulting	residue	was	extracted	in	dichloromethane	ȋ͵	x	ͶͲ	mLȌ.	The	organic	extracts	were	washed	with	brine	ȋͳ	x	ʹͲ	mLȌ	and	dried	over	MgSOͶ.	On	removal	 of	 the	 solvent	 the	 residue	was	 purified	 on	 an	 alumina	 column	with	 C(Cl͵	 as	 the	eluent	to	afford	the	product	as	a	white	solid	in	͸ͷ%	yield	ȋ͵.Ͳͳ	gȌ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	͵.͸ͻ	ȋ͵(,	s,	CH3Ȍ,	͸.͵Ͷ	ȋͳ(,	dd,	J	͵.͸,	͵.͸,	pyrrole	HȌ,	͹.ͳͲ	ȋͳ(,	dd,		J	͵.͸,	ͳ.ͺ,	pyrrole	HȌ,	͹.͸͸	ȋͳ(,	dd,		J	͵.͸,	ͳ.ͺ,	pyrrole	HȌ,	͹.͹ͷ	‐	͹.ͺ͵	ȋ͵(,	m,	ArHȌ,	ͺ.͵ʹ	‐	ͺ.͵͸	ȋͳ(,	m,	ArHȌ.	The	data	was	identical	to	that	reported	in	literature͹ͻ.		͵.Ͷ.ʹ	 Synthesis	 of	 ʹ‐methoxycarbonyl‐ͳ‐ȋʹ‐aminobenzenesulfonylȌ‐ͳ(‐pyrrole	




	)ron	powder	ȋͳ.ͷͲ	gȌ	was	added	over	͵Ͳ	min	to	a	solution	of	the	nitroester	ȋͳ.͸ʹ	g,	ͷ.ʹ͵	mmol,	ͳ	eqȌ	in	glacial	acetic	acid	ȋʹͲ	mLȌ.	The	reaction	mixture	was	stirred	and	heated	at	͸Ͳ	°C	for	ʹ	h.	After	concentration	in	vacuo	the	residue	was	extracted	with	ethyl	acetate	ȋͷ	x	͵Ͳ	 mLȌ,	 the	 organic	 washings	 were	 combined,	 washed	 with	 Na(CO͵	 to	 remove	 traces	 of	acetic	acid	and	dried	with	MgSOͶ.	Evaporation	of	the	solvent	gave	the	desired	amino	ester	as	a	brown	solid	ȋͳ.Ͳ͸	gȌ	in	ͺͲ%	yield.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	͵.͹ͳ	ȋ͵(,	s,	CH3Ȍ,	ͷ.ͳʹ	ȋʹ(,	br	s,	NH2Ȍ,	͸.ʹ͹	ȋͳ(,	dd,	J	͵.ͷ,	͵.ͷ,	pyrrole	HȌ,	͸.͸ͷ	‐	͸.͹ͷ	ȋʹ(,	m,	pyrrole	H	+	ArHȌ,	͹.Ͳͷ	ȋͳ(,	dd,	J	͵.ͷ,	ͳ.ͺ,	pyrrole	HȌ,	͹.ʹͺ	ȋͳ(,	ddd,	J	͹.͹,	͹.͹,	ͳ.ͺ,	ArHȌ,	͹.͸Ͳ	ȋͳ(,	d,	J	͹.͹,	ArHȌ,	͹.͸ͺ	ȋͳ(,	m,	ArHȌ.	The	data	closely	matched	the	literature	data͹ͻ.		
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	To	a	solution	of	the	thioamide	ȋͲ.ʹͶͲ	g,	Ͳ.ͻͳ	mmol,	ͳ	eqȌ	in	DMSO	ȋͷ	mLȌ	was	added	sodium	hydride	ȋ͸Ͳ%,	Ͳ.ͲͷͲ	g,	ͳ.ͲͲ	mmol,	ͳ.ͳ	eqȌ	over	ͷ	min	and	the	mixture	was	stirred	at	r.t.	for	͵Ͳ	min	under	a	Nʹ	stream.	The	reaction	was	then	treated	with	chloroacetone	ȋͲ.ͳͻ	mL,	Ͳ.ʹͲͺ	g,	ʹ.ʹͷ	mmol,	ʹ.ͷ	eqȌ	and	after	an	hour	of	stirring	at	r.t.,	trimethyl	phosphite	ȋͲ.͵ʹ	mL,	Ͳ.͵ͳͺ	g,	ʹ.͹	mmol,	͵	eqȌ	and	DABCO	ȋͲ.͵Ͳʹ	g,	ʹ.͹Ͳ	mmol,	͵	eqȌ	were	added	and	the	solution	was	 allowed	 to	 stir	 at	 ͳͲͲ	 °C	 and	 monitored	 by	 TLC	 until	 all	 the	 alkylated	 species	 was	
Chapter	3																																																																																																																																					Experimental	
ͳ͵ʹ		 	 	
consumed.	 After	 ʹ	 h,	 the	 reaction	 mixture	 was	 poured	 into	 distilled	 water	 ȋͳͲ	 mLȌ	 and	extracted	with	C(ʹClʹ	ȋ͵	x	ͶͲ	mLȌ.	The	combined	organic	phases	were	washed	with	water	ȋͶͲ	mLȌ,	dried	over	MgSOͶ	and	evaporated	under	reduced	pressure.	The	crude	product	was	isolated	 and	 purified	 by	 column	 chromatography	 eluting	with	 ʹͲ%	EtOAc:	 Pet	 to	 give	 the	desired	analogue	of	fuligocandin	A	as	a	yellow	oil	ȋͲ.ͳ͵͸	g,	ͷʹ%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ʹ.ͳͺ	ȋ͵(,	s,	CH3Ȍ,	ͷ.͸ͻ	ȋͳ(,	s,	CHȌ,	͸.ʹͺ	ȋͳ(,	dd,	 J	͵.͵,	͵.͵,	pyrrole	HȌ,	͸.͹Ͳ	ȋͳ(,	dd,	J		͵.͵,	ͳ.͸,	pyrrole	HȌ,	͹.ͳͶ	‐	͹.ʹͳ	ȋʹ(,	m,	ArHȌ,	͹.͵ͷ	ȋͳ(,	dd,	J	͵.͵,	ͳ.͸,	pyrrole	HȌ,	͹.ͷ͵	ȋͳ(,	ddd,	J	ͺ.Ͳ,	ͺ.Ͳ,	ͳ.͸,	ArHȌ,	͹.ͺͺ	ȋͳ(,	dd,	J	ͺ.Ͳ,ͳ.͸,	ArHȌ,	ͳ͵.ͷ	ȋͳ(,	s,	NHȌ.		δC	ȋͳͲͲ	M(z,	CDCl͵Ȍ:	ʹͶ.ʹ	ȋC(͵Ȍ,	ͻͺ.͵	ȋC(Ȍ,	ͳͳͳ.Ͷ	ȋC(Ȍ,	ͳͳ͹.͹	ȋC(Ȍ,	ͳʹʹ.͹	ȋC(Ȍ,	ͳʹ͵.ͻ	ȋC(Ȍ,	ͳʹͶ.Ͳ	 ȋC(Ȍ,	 ͳʹͷ.Ͷ	 ȋqCȌ,	 ͳʹ͸.ͷ	 ȋC(Ȍ,	 ͳʹͻ.͹	 ȋqCȌ,	 ͳ͵ͷ.Ͷ	 ȋC(Ȍ,	 ͳ͵͹.͵	 ȋqCȌ,	 ͳͶͺ.ͻ	 ȋqCȌ,	 ͳͻͺ.ʹ	ȋC=OȌ.	ɋmax	ȋcm‐ͳȌ:	͵͵ͷͷ	[N(]	ȋbrȌ,	ͳ͸ͺͲ	[C=O]ȋsȌ,	ͳ͸Ͳ͵	ȋsȌ,	ͳͶͶ͸	ȋmȌ,	ͳͷ͹ͷ	ȋsȌ,	ͳ͵͹ͳ	ȋvsȌ	͹͸ͳ	ȋsȌ.	(RMS	ȋES)+Ȍ:	Found	͵ͳͳ.ͲͶ͸ͳ	[M+Na]+	,	CͳͶ(ͳʹNʹO͵SNa		requires	͵ͳͳ.ͲͶ͸ͺ.	͵.Ͷ.͸	)solation	of	the	thioimidate	intermediate:	



















































	A	 suspension	of	 the	protected	 indole‐͵‐carbaldehyde	 ȋͲ.͹ͳͲ	g,	 ʹ.ͳͷ	mmol,	ͳ	 eqȌ	 in	MeO(	ȋͳͲ	mLȌ	was	heated	for	͵Ͳ	min	and	then	the	phosphorus	ylide	ȋͲ.ͻͳͲ	g,	ʹ.ͷͺ	mmol,	ͳ.ʹ	eqȌ	 was	 added	 ȋneatȌ.	 After	 ͵	 days	 of	 gentle	 reflux,	 the	 yellow	 suspension	 turned	 to	 an	orange	solution	while	an	orange	precipitate	continued	to	form	for	ʹ	h	on	cooling	to	r.t.	The	crude	product	was	collected	by	filtration	and	then	stirred	in	MeO(	for	a	few	min	and	filtered	to	 give	 the	 E‐ͳ‐chloro‐Ͷ‐ȋͳ,Ͷ‐nitrophenylsulfonylȌ‐ͳH‐indol‐͵‐ylȌbut‐͵‐en‐ʹ‐one	 as	 an	orange	solid	in	ͺͲ%	yield	ȋͲ.͸ͻͲ	gȌ,	m.p	ͳ͹Ͷ‐ͳ͹ͷ	°C	ȋlit	ͳ͹Ͷ‐ͳ͹ͷ	°CȌ.	
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δ(	 ȋͶͲͲ	M(z,	d6‐DMSOȌ:	 Ͷ.͹͸	 ȋʹ(,	 s,	 CH2‐ClȌ,	 ͹.ͳͷ	 ȋͳ(,	 d,	 J	ͳ͸.Ͳ,	 =CHȌ,	 ͹.ͶͲ	 ‐	 ͹.ͷͳ	 ȋʹ(,	m,	Ar(Ȍ,	͹.ͺͷ	ȋͳ(,	d,	J	ͳ͸.Ͳ,	=CHȌ,	ͺ.ͲͶ	ȋʹ(,	dd,	J	͹.͹,	͹.͹,	ArHȌ,	ͺ.͵͵	ȋʹ(,	m,	ArHȌ,	ͺ.͵ͺ	ȋʹ(,	m,	ArHȌ,	ͺ.ͷͺ	ȋͳ(,	s,	indole	HȌ.	ɋmax	ȋcm‐ͳȌ:	͵ͳͲ͸	ȋmȌ,	ͳ͸ͻͺ	ȋmȌ,	ͳ͸Ͳ͸	ȋsȌ,	ͳͷʹͶ	ȋsȌ,	ͳͳ͹͹	ȋsȌ,	ͻͺͶ	ȋsȌ,	͹͵Ͷ	ȋsȌ.	This	data	was	consistent	with	reported	valuesͳͻͲ.	͵.͸.͵	Attempted	synthesis	of	the	thio	analogue	of	Fuligocandin	B		
212206 213
1. NaH, 2h, r.t
2. ∆, 100 °C, 2 h







	Sodium	hydride	ȋ͸Ͳ%,	Ͳ.Ͳʹ͹	g,	ͳ.ͳ	mmol,	ͳ	eqȌ	was	added	to	a	solution	of	thiophenol	ȋͲ.ʹ͵	mL,	Ͳ.ʹʹ	g,	ʹ.ʹ	mmol,	ʹ	eqȌ	in	DMSO	ȋͳ	mLȌ	and	after	being	stirred	for	͵	min,	Ͳ.͵͵	mL	of	 this	mixture,	was	 added	 to	 a	 solution	 of	213	 at	 r.t.	 	 After	monitoring	 via	 TLC,	 distilled	water	ȋͳͷ	mLȌ	was	added	to	the	dark	red	mixture	and	the	organic	product	was	extracted	into	DCM	 ȋ͵	 x	 ͳͲ	mLȌ.	 The	 combined	 organic	 fractions	were	washed	with	water	 ȋͷ	 x	 ͳͲ	mLȌ,	dried	over	NaʹSOͶ.	and	evaporated	under	reduced	pressure.	The	crude	material	was	purified	using	column	chromatography	EtOAc/	(exane	ȋͷͲ%Ȍ	and	yielded	fragmented	products	from	which	only	the	amide	201	was	isolated.		͵.͸.ͷ	Synthesis	of	the	protected	Fuligocandin	B	analogue	intermediate	
206 214a212
1) NaH, r.t.
2) ∆, 100 °C, 2 h.
	To	 a	 solution	 of	 the	 thioamide	 ȋͲ.Ͳͺͷ	 g,	 Ͳ.͵ʹʹ	 mmol,	 ͳ	 eqȌ	 in	 DMSO	 ȋͷ	 mLȌ	 was	 added	sodium	hydride	ȋ͸Ͳ%,	Ͳ.Ͳͳ͸	g,	Ͳ.͸ͶͶ	mmol,	ʹ	eqȌ	and	the	mixture	was	stirred	at	r.t.	for	ͳ	h.	
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The	indole	derivative	ȋͲ.ͳ͵Ͳ	g,	Ͳ.͵ʹʹ	mmol,	ͳ	eqȌ	was	then	added	and	this	reaction	mixture	was	allowed	to	stir	at	r.t.	for	͵	h.	TLC	analysis	showed	only	traces	of	starting	material	hence	the	reaction	mixture	was	heated	at	ͳͲͲ	°C	 for	ʹ	h.	The	product	was	 isolated	using	column	chromatography	ȋEtOAc/	(exane,	ͶͲ%Ȍ	and	shown	to	be	the	sulfide	214a.		δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	Ͷ.Ͳ͵	ȋʹ(,	br	s,	C(ʹȌ	͸.Ͷʹ	‐	͸.Ͷ͸	ȋͳ(,	m,	ArHȌ,	͹.ͲͲ	‐	͹.Ͳ͹	ȋͳ(,	m,	ArHȌ,	͹.ͳͻ	‐	͹.Ͷ͹	ȋͶ(,	m,	ArHȌ,	͹.Ͷͺ		‐	͹.ͷ͸	ȋʹ(,	m,	ArHȌ,	͹.ͷ͹	‐	͹.͹͵	ȋʹ(,	m,	ArHȌ,	͹.͹Ͷ	‐	͹.ͺ͵	ȋʹ(,	m,	ArHȌ,	͹.ͻͲ	‐	͹.ͻͷ	ȋͳ(,	m,	ArHȌ,	͹.ͻ͹	‐		ͺ.Ͳͷ	ȋʹ(,	m,	ArHȌ,	ͺ.Ͳͺ		‐		ͺ.ͳ͹	ȋʹ(,	m,	ArHȌ,	ͺ.ʹͶ	‐	ͺ.͵ͺ	ȋͳ(,	m,	ArHȌ.	δC	ȋͳͲͲ	M(z,	CDCl͵Ȍ:	͵ͻ.ͷ	ȋC(ʹȌ,	ͳͳͳ.͸	ȋC(Ȍ,	ͳͳ͵.ͷ	ȋC(Ȍ,	ͳͳ͹.͹	ȋC(Ȍ,	ͳͳͻ.͸	ȋqCȌ,	ͳʹͲ.ͻ	ȋC(Ȍ,	ͳʹʹ.͸	 ȋC(Ȍ,	 ͳʹ͵.͹	 ȋC(Ȍ,	 ͳʹͶ.͹	 ȋC(Ȍ,	 ͳʹͶ.ͺ	 ȋC(Ȍ,	 ͳʹͷ.͵	 ȋqCȌ,	 ͳʹͷ.ͷ	 ȋC(Ȍ,	 ͳʹͷ.͸	 ȋC(Ȍ,	 ͳʹ͸.Ͳ	ȋC(Ȍ,	 ͳʹ͹.ͻ	 ȋC(Ȍ,	 ͳʹͺ.ͳ	 ȋC(Ȍ,	 ͳʹͺ.Ͷ	 ȋC(Ȍ,	 ͳʹͻ.Ͷ	 ȋqCȌ,	 ͳ͵Ͷ.ͻ	 ȋC(Ȍ,	 ͳ͵ͷ.͵	 ȋqCȌ,	 ͳ͵ͷ.͸	 ȋC(Ȍ,	ͳͶʹ.ͺ	ȋqCȌ	ͳͶ͵.Ͳ	ȋqCȌ,	ͳͷͳ.ͳ	ȋqCȌ,	ͳ͸Ͷ.ͻ	ȋqCȌ,	ͳ͹Ͷ.ͷ	ȋqCȌ,	ͳͻ͵.ͺ	ȋC=OȌ.	ɋmax	ȋcm‐ͳȌ:	͵ͳͲͲ	ȋmȌ,	ͳ͸ͻ͹	ȋmȌ,	ͳ͸Ͳ͵	ȋsȌ,	ͳͷͷʹ	ȋsȌ,	͹͵Ͷ	ȋsȌ.	(RMS	ȋES)+Ȍ:	Found	͸͵ʹ.ͲͶͻͶ	[M]+	,	Cʹͻ(ʹͲNͶO͹S͵	requires	͸͵ʹ.ͲͶͻͳ.	͵.͸.͸	Attempted	deprotection	using	thiophenol	
214a214a
Deprotection
	Sodium	hydride	ȋͲ.Ͳʹ͹	g,	ͳ.ͳ	mmol,	ͳ	eqȌ	was	added	to	a	solution	of	thiophenol	ȋͲ.ʹ͵	mL,	Ͳ.ʹʹ	g,	ʹ.ʹ	mmol,	ʹ	eqȌ	in	DMSO	ȋͳ	mLȌ	and	after	being	stirred	for	͵	min,	Ͳ.͵͵	mL	was	added	to	the	reaction	mixture	from	above.	After	monitoring	via	TLC,	distilled	water	ȋͳͷ	mLȌ	was	added	to	the	dark	red	mixture	which	was	extracted	into	DCM	ȋ͵	x	ͳͲ	mLȌ.	The	organic	extracts	 were	 dried	 over	 NaʹSOͶ	 and	 removed	 in	 vacuo.	 The	 crude	 material	 was	 purified	using	column	chromatography	EtOAc/	(exane	ȋͷͲ%Ȍ	and	yielded	fragmented	products	and	
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217	ȋͲ.͵ͷͲ	g,	͵.Ͷ	mmol,	ͳ	eqȌ	and	the	mixture	was	stirred	gently	overnight	under	a	nitrogen	atmosphere.	 )t	was	then	washed	with	ether	ȋͳͲ	mLȌ	and	ͳͲ%	KʹCO͵	ȋʹͲ	mLȌ.	The	aqueous	phase	was	extracted	with	DCM	ȋ͵	x	ʹͲ	mLȌ,	dried	ȋMgSOͶȌ	and	filtered.	Most	of	the	solvent	was	 removed	 in	 vacuo	 at	 r.t.	 leaving	 ʹ	mL	 of	 the	 reaction	mixture,	 as	 the	 compound	was	found	to	be	volatile.	This	solution	was	used	directly	in	the	next	step.	͵.͹.͵	 Synthesis	 of	 ʹ,	 ͵‐diphenyl‐ͷ‐methylthio‐ͳ‐azabicyclo[Ͷ.͵.Ͳ]	 non‐ʹ‐en‐Ͷ‐one		
218 219
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was	 removed	 in	 vacuo.	 The	 residue	 was	 treated	 with	 water	 ȋͳͲ	 mLȌ	 and	 a	 solution	 of	saturated	potassium	carbonate	and	extracted	into	ether	ȋ͵	x	ͳͷ	mLȌ.	The	organic	layers	were	combined,	 dried	 ȋMgSOͶȌ	 and	 filtered.	 The	 solvent	was	 removed	 in	vacuo	 and	 the	mixture	was	then	purified	using	silica	gel	chromatography	ȋʹͲ%	EtOAc:	PetȌ	to	give	227	as	a	yellow	oil	ȋͲ.ͳͲͳ	g,	͵͹%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.ͷͳ‐ͳ.͸ͺ	ȋʹ(,	m,	cyclopentyl	HȌ,	ͳ.͹Ͳ	‐	ʹ.Ͳͳ	ȋ͸(,	m,	cyclopentyl	HȌ,	ʹ.͵͹	ȋ͵(,	s,	SCH3Ȍ,	ʹ.͸ʹ	‐	͵.Ͳͳ	ȋͳ(,	m,	CHAC(BCSȌ,	͵.ͲͲ	‐	͵.Ͳͻ	ȋͳ(,	m,	C(ACHBCSȌ,	͵.Ͷͷ	‐	͵.ͷͳ	ȋʹ(,	m,	CHAC(BN(	+	Ar‐CHȌ,	͵.ͺ͵	ȋ͵(,	s,	OCH3Ȍ,	Ͷ.ͳ͹	‐	Ͷ.ʹͲ	ȋͳ(,	m,	C(ACHBN(Ȍ,	Ͷ.͸ͺ	‐	Ͷ.͹ʹ	ȋͳ(,	m,	OCHȋC(ʹȌͶȌ,	͸.Ͷͷ	‐	͸.͸ͺ	ȋʹ(,	m,	ArHȌ,	͸.͹Ͳ	‐	͸.͹͸	ȋʹ(,	m,	ArHȌ.	δC	ȋͳͲͲM(z,	CDCl͵Ȍ:	ʹͶ.Ͳ	ȋʹ	x	C(ʹȌ,	͵ʹ.ͺ	ȋʹ	x	C(ʹȌ,	Ͷ͵.͸	ȋAr‐CHȌ,	Ͷ͹.Ͳ	ȋC(ʹ‐CSȌ,	ͷ͸.ͳ	ȋOC(͵Ȍ,	ͷ͸.͸	ȋC(ʹNȌ,	͸ͺ.͵	ȋS‐C(͵Ȍ,	ͺͲ.Ͷ	ȋOC(ȋC(ʹȌͶȌ,	ͳͳʹ.ͳ	ȋC(Ȍ,	ͳͳ͵.Ͷ	ȋC(Ȍ,	ͳͳͺ.͹	ȋC(Ȍ,	ͳ͵͸.ʹ	ȋqCȌ,	ͳͶ͹.͹	ȋAr‐COȌ,	ͳͶͺ.͹	ȋAr‐COȌ,		ͳ͹͵.ʹ	ȋC=NȌ.	ɋmax	ȋcm‐ͳȌ:	ʹͻʹͳ	ȋwȌ,	ͳ͸ͷͷ	[C=N]	ȋsȌ,	ͳͷͻͲ	ȋmȌ,	ͳͶͻͷ	ȋmȌ,	ͳͳͷʹ	ȋwȌ.	(RMS	ȋES)+Ȍ:	Found	͵Ͳ͸.ͳͷʹ͵	[M+(]+	,	Cͳ͹(ʹͶNOʹS	requires	͵Ͳ͸.ͳͷʹʹ.	͵.ͺ.ͺ	Cycloaddition	reaction	of	the	thioimidate	with	DPP	
227 228
MeCN, r.t
	Diphenylcyclopropenone	ȋͲ.Ͳ͸ʹ	g,	Ͳ.͵Ͳͳ	mmol,	ͳ	eqȌ	was	added	to	a	solution	of	the	thioimidate	ȋͲ.Ͳͻʹ	g,	Ͳ.͵Ͳͳ	mmol,	ͳ	eqȌ	in	dry	MeCN	ȋͷ	mLȌ.	The	reaction	was	stirred	at	r.t.	for	͵	days.	On	 completion	of	 the	 reaction,	 the	 solvent	was	 removed	by	 rotary	 evaporation	and	 subsequently	 purified	 by	 silica	 gel	 chromatography	 ȋʹͲ%	 EtOAc:	 PetȌ	 to	 afford	 the	indolizidine	 product	 as	 a	 yellow	 oil	 as	 a	mixture	 of	 stereoisomers	 in	 a	 ͳ:ͳ	 ratio	 ȋͲ.Ͳʹͳ	 g,	ͳͶ%Ȍ.	δ(	 ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.Ͷͻ	‐	ͳ.͸͵	ȋʹ(,	m,	cyclopentyl	HȌ,	ͳ.͹ʹ	‐	ͳ.ͻ͵	ȋ͸(,	m,	cyclopentyl	HȌ,	ͳ.ͻͺ	ȋ͵(,	s,	SCH3Ȍ,	ʹ.ͷͻ	‐	ʹ.͹͵	ȋʹ(,	m,	CH2Ȍ,	͵.͵Ͷ	ȋͳ(,	dd,	J	ͻ.ʹ,	͹.͹,	CHAC(BNȌ,	͵.ͷ͵	‐	͵.͸ͳ	ȋͳ(,	
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	Pyridinium	chlorochromate	ȋ͹.͵͹	g,	͵Ͷ.ͳͺ	mmol,	ͳ.͹	eqȌ	was	added	to	a	solution	of	o‐azidobenzyl	alcohol	ȋ͵.ͲͲ	g,	ʹͲ.ͳͳ	mmol,	ͳ	eqȌ	in	anhydrous	dichloromethane	ȋʹͷ	mLȌ	and	the	whole	was	stirred	vigorously	for	͵	h	at	r.t.	with	occasional	cooling	in	a	water	bath.	The	dark	reaction	mixture	was	washed	thoroughly	with	ether	ȋ͵Ͳ	mLȌ	and	the	supernatant	liquid	was	removed	by	decantation.	The	black	tar	residue	was	washed	thoroughly	with	EtOAc	ȋͷ	x	ʹͲ	mLȌ	 and	 the	 combined	 organic	 layers	 were	 collected,	 dried	 ȋMgSOͶȌ,	 and	 filtered.	 The	solvent	was	removed	in	vacuo	and	yielded	o‐azidobenzaldehyde	as	a	brown	oil	ȋʹ.ͺͻ	g,	ͻͺ%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:		͹.Ͳͻ	‐	͹.͵ͳ	ȋʹ(,	m,	ArHȌ,	͹.͸Ͷ	ȋ	ͳ(,	dd,	J	͹.͵,	͹.͵,	ArHȌ,	͹.ͻͲ	ȋͳ(,	d,	J	͹.͵,	ArHȌ,	ͳͲ.͵͹	ȋͳ(,	s,	CHOȌ.	δC	ȋͳͲͲ	M(z,	CDCl͵Ȍ:		ͳͳͻ.Ͳ	ȋC(Ȍ,	ͳʹͶ.ͻ	ȋqCȌ,	ͳʹ͸.ͻ	ȋC(Ȍ,	ͳʹͻ.Ͳ	ȋC(Ȍ,	ͳ͵ͷ.Ͷ	ȋC(Ȍ,	ͳͶʹ.ͻ	ȋqCȌ,	ͳͺͺ.͸	ȋC=OȌ	.		ɋmax	ȋcm‐ͳȌ:	͵Ͳ͸ͺ	ȋmȌ,	ʹͺͷͺ	ȋwȌ,	ʹ͹ͷʹ	ȋwȌ,	ʹͳʹ͵	ȋsȌ,	ͳ͹ͳͲ	ȋsȌ,	ͳ͸ͺ͸	ȋvsȌ,	ͳͷͻ͵	ȋsȌ,	ͳͶ͹͹	ȋmȌ,	͹ͷʹ	ȋsȌ.	͵.ͻ.͵	Synthesis	of	the	corresponding	nitro	olefin	ȋ(enry	reactionȌ	
231 232a, 65% 232b, 6%
CH3NO2, NH4OAc


















	To	 a	 stirred	 solution	of	 the	nitro	olefin	 ȋͲ.͵͸Ͳ	g,	 ͳ.ͺͻ	mmol,	 ͳ	 eqȌ	 in	DCM	 ȋͺ	mLȌ,	diethyl	malonate	ȋͲ.ͺ͸	mL,	Ͳ.ͻͲ	g,	ͷ.͸͹	mmol,	͵	eqȌ	and	triethylamine	ȋͲ.ͷ	mLȌ	were	added	dropwise.	 The	 reaction	 mixture	 was	 allowed	 to	 stir	 at	 r.t.	 for	 ʹͶ	 h	 until	 analysis	 by	 TLC	indicated	 all	 the	 nitro	 olefin	 had	 been	 consumed.	 The	murky	 brown	 reaction	mixture	was	quenched	 with	 ether	 and	 water	 ȋͳ:ͳ,	 ͷͲ	mLȌ	 and	 extracted	 into	 DCM	 ȋ͵	 x	 ͳͷ	mLȌ,	 dried	ȋMgSOͶȌ,	 filtered	 and	 the	 solvent	 was	 removed	 in	 vacuo.	 Purification	 by	 silica	 gel	chromatography	[ͳͲ%	EtOAc:	Pet	graduated	to	ʹͲ%]	afforded	the	Michael	adduct	as	a	pale	yellow	oil	ȋͲ.͵ͺͷ	g,	ͷͺ%Ȍ.	δ(	ȋͷͲͲ	M(z,	CDCl͵Ȍ:	Ͳ.ͻͺ	ȋ͵(,	t,	J	͹.ͳ,	CH3Ȍ,	ͳ.ͳͺ	ȋ͵(,	t,	J	͹.ͳ,	CH3Ȍ,	͵.ͻ͵	ȋʹ(,	q,	J	͹.ͳ,	OCH2Ȍ,	Ͷ.Ͳ͹	ȋͳ(,	d,	J	ͻ.Ͷ,	CH‐COȌ,	Ͷ.ͳͷ	ȋʹ(,	q,	J	͹.ͳ,	OCH2Ȍ,	Ͷ.͵ͺ	ȋͳ(,	dt,	J	ͻ.Ͷ,	Ͷ.ͷ,	CH‐ArȌ,	Ͷ.ͺͷ	ȋͳ(,	dd,	





























To	a	 stirring	 solution	of	 the	nitro	olefin	 ȋͲ.͵͸Ͳ	g,	 ͳ.ͺͻ	mmol,	ͳ	 eqȌ	 in	DCM	ȋͺ	mLȌ	dimethyl	 malonate	 ȋͲ.͸ͷ	mL,	 Ͳ.͹Ͷ͹	 g,	 ͷ.͸͹	mmol,	 ͵	 eqȌ	 and	 triethylamine	 ȋͲ.ͷ	mLȌ	were	added	dropwise.	The	reaction	mixture	was	allowed	to	stir	at	r.t.	for	ʹͶ	h	until	analysis	by	TLC	indicated	 that	 all	 the	 nitro	 olefin	 had	been	 consumed.	 The	murky	 brown	 reaction	mixture	was	quenched	with	ether	ȋͷ	mLȌ	and	water	ȋ͵Ͳ	mLȌ	and	was	extracted	into	DCM	ȋ͵	x	ͳͷ	mLȌ,	dried	 ȋMgSOͶȌ,	 filtered	 and	 the	 solvent	 was	 removed	 in	 vacuo.	 The	 crude	 mixture	 was	purified	using	silica	gel	column	chromatography	[ͳͲ%	EtOAc:	Pet	graduated	to	ʹͲ%]	to	yield	the	Michael	adduct	as	a	white	solid	ȋͲ.͵͹Ͳ	g,	͸ͳ%Ȍ.		δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	͵.ͷͷ	ȋ͵(,	s,	OCH3Ȍ,	͵.͹ʹ	ȋ͵(,	s,	OCH3Ȍ,	Ͷ.ͳ͵	ȋͳ(,	d,	J	ͻ.Ͷ,	CH‐COȌ,	Ͷ.͵ͺ	‐Ͷ.Ͷ͸	ȋͳ(,	m,	CH‐ArȌ,	Ͷ.ͺ͸	ȋͳ(,	dd,	J	Ͷ.͸,	ͳ͵.ʹ,	CHA(BȌ,	ͷ.ͲͲ	‐	ͷ.Ͳͺ	ȋͳ(,	m,	C(AHBȌ,	͹.Ͳͷ	ȋͳ(,	dd,	




	To	 the	 solution	of	 the	Michael	 adduct	233b	 ȋͲ.ʹͲ	 g,	 Ͳ.͸ʹ	mmol,	 ͳ	 eqȌ	 in	EtO(	 ȋͳͲ	mLȌ,	 NiClʹ·͸(ʹO	 ȋͲ.ͳͷ	 g,	 Ͳ.͸ʹ	 mmol,	 ͳ	 eqȌ	 and	 NaB(Ͷ	 ȋͲ.ʹ͸Ͳ	 g,	 ͸.ͺ͵	 mmol,	 ͳͳ	 eqȌ	 were	added.	The	reaction	temperature	was	maintained	at	Ͳ	°C	and	allowed	to	stir	for	ʹ	h.	 )t	was	then	quenched	with	saturated	N(ͶCl	ȋʹͲ	mLȌ,	diluted	with	C(Cl͵	ȋʹͲ	mLȌ	and	extracted	into	C(Cl͵	ȋ͵	x	ʹͲ	mLȌ,	dried	ȋMgSOͶȌ,	filtered	through	Celite	and	concentrated	in	vacuo	to	afford	an	indole	product	as	a	white	solid	ȋͲ.ͳͶʹ	g,	ͻ͵%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	͵.͹͸	ȋ͸(,	s,	OCH3Ȍ,	Ͷ.ͻ͸	ȋͳ(,	s,	CHȌ,	͹.ͳ͵	ȋͳ(,	ddd,	J	͹.͸,	͹.͸,	ͳ.Ͳ,	ArHȌ,	͹.ͳͻ	ȋͳ(,	ddd,	J		͹.͸,	͹.͸,	ͳ.Ͳ,	ArHȌ,	͹.͵Ͷ	ȋͳ(,	d,	J	ͺ.Ͳ,	ArHȌ,	͹.͵͸	ȋͳ(,	d,	J	ʹ.ͷ,	)ndole	CHȌ,	͹.͸ͳ	ȋͳ(,	d,	J	ͺ.Ͳ,	ArHȌ,	ͺ.ʹͷ	ȋͳ(,	s,	NHȌ.	
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δC	 ȋͳͲͲ	M(z,	CDCl͵Ȍ:	Ͷͻ.͹	 ȋC(Ȍ,	ͷʹ.͹	 ȋC(͵Ȍ,	 ͷʹ.ͺ	 ȋC(͵Ȍ,	 ͳͲ͹.Ͷ	 ȋqCȌ,	 ͳͳͳ.͵	 ȋC(Ȍ,	ͳͳͻ.Ͳ	 ȋC(Ȍ,	ͳʹͲ.ͳ	ȋC(Ȍ,	ͳʹʹ.Ͷ	ȋC(Ȍ,	ͳʹͶ.Ͳ	ȋ)ndole	C(Ȍ,	ͳʹ͸.ͷ	ȋqCȌ,	ͳ͵ͷ.ͻ	ȋqCȌ,	ͳ͸ͻ.Ͳ	ȋC=OȌ.		ɋmax	ȋcm‐ͳȌ:	͵͵͹Ͳ	ȋbrȌ,	ͳ͹Ͷʹ	ȋsȌ,	ͳͷͳͳ	ȋwȌ,	ͳͶ͵Ͷ	ȋwȌ,	ͳ͵ͳͷ	ȋwȌ,	ͳʹͷͲ	ȋmȌ,	ͳͳͻͺ	ȋmȌ,	͹Ͷͷ	ȋsȌ.	(RMS	ȋES)+Ȍ:	Found	ʹ͹Ͳ.Ͳ͹͸͹	[M+Na]+	,	Cͳ͵(ͳ͵NOͶNa	requires	ʹ͹Ͳ.Ͳ͹͹Ͳ.	͵.ͳͲ.ͷ.	Synthesis	of	the	dipropyl	adduct	
232a 233c
Et3N






NaBH4, 0 °C 	Following	its	successful	formation,	the	dipropyl	Michael	adduct	ȋͲ.ʹ͵͵	g,	Ͳ.͸Ͳ	mmol,	ͳ	 eqȌ	 was	 reduced	 with	 NiClʹ·͸(ʹO	 ȋͲ.ͳͶͶ	 g,	 Ͳ.͸Ͳ	mmol,	 ͳ	 eqȌ	 and	 NaB(Ͷ	 ȋͲ.ʹͷͳ	 g,	 ͸.͸͵	mmol,	 ͳͳ	 eqȌ	 in	 EtO(	 ȋͳͲ	mLȌ	 at	 Ͳ	 °C	 for	 ʹ	 h	 to	 afford	 an	 indole	 product	 as	 a	 yellow	 oil	ȋͲ.ͳ͸ʹ	g,	ͺͻ%Ȍ	purified	with	silica	chromatography	eluted	by	ͳͷ%	EtOAc:	Pet.		δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	Ͳ.ͺͺ	ȋ͸(,	t,	J	͹.ͳ,	ʹ	x	OCH3Ȍ,	ͳ.͸ʹ	‐	ͳ.͸Ͷ	ȋͶ(,	m,	ʹ	x	CH2Ȍ,	Ͷ.Ͳͻ	‐	Ͷ.ͳͳ	ȋͶ(,	m,	OCH2Ȍ,	Ͷ.ͻͶ	ȋͳ(,	s,	CH‐COȌ,	͹.ͳʹ	ȋͳ(,	dd,	J	͹.Ͷ,	͹.Ͷ,	ArHȌ,	͹.ͳͺ	ȋͳ(,	dd,	J	͹.Ͷ,	͹.Ͷ,	ArHȌ,	͹.͵͵	ȋͳ(,	d,	J	͹.ͻ,	ArHȌ,	͹.͵ͺ	ȋͳ(,	d,	J	ʹ.͵,	)ndole	CHȌ,	͹.͸͵	ȋͳ(,	d,	J	͹.ͻ,	ArHȌ,	ͺ.ʹͳ	ȋͳ(,	s,	NHȌ.	δC	 ȋͳͲͲ	M(z,	CDCl͵Ȍ:	ͳͲ.͵	 ȋC(͵Ȍ,	ʹͳ.ͺ	 ȋC(ʹȌ,	Ͷͻ.͹	 ȋC(Ȍ,	͸͹.ʹ	 ȋC(ʹȌ,	ͳͲ͹.͸	 ȋqCȌ,	 	ͳͳͳ.ʹ	 ȋC(Ȍ,	ͳͳͻ.ͳ	ȋC(Ȍ,	ͳͳͻ.ͻ	ȋC(Ȍ,	ͳʹʹ.͵	ȋC(Ȍ,	ͳʹͶ.Ͳ	ȋC(Ȍ,	ͳʹ͸.͸	ȋqCȌ,	ͳ͵ͷ.ͺ	ȋqCȌ,	ͳ͸ͺ.͹	ȋC=OȌ.	ɋmax	ȋcm‐ͳȌ:	͵͵͹ʹ	ȋbrȌ,	ʹͻʹͻ	ȋmȌ,	ͳ͹͵ͻ	ȋsȌ,	ͳ͸ͳͻ	ȋwȌ,	ͳͶͷ͸	ȋwȌ,	ͳ͵ͳͷ	ȋwȌ,	ͳʹͷͲ	ȋmȌ.	(RMS	ȋES)+Ȍ:	Found	͵ʹ͸.ͳ͵͸ͳ	[M+Na]+	,	Cͳ͹(ʹͳNOͶNa	requires	͵ʹ͸.ͳ͵͸͵.	͵.ͳͲ.͹	Attempted	Michael	reaction	with	di‐tert‐butyl	malonate			
232a
Et3N




















	The	diketo	Michael	 adduct	was	obtained	as	 a	 yellow	oil	 ȋͲ.͵ͻͷ	g,	 ͸ͷ%Ȍ	 from	azido	nitrostyrene	ȋͲ.ͶͲͲ	g,	ʹ.ͳͲ	mmol,	ͳ	eqȌ,	ʹ,	Ͷ‐pentadione	ȋͲ.ͷ	mL,	Ͳ.Ͷʹ	g,	Ͷ.ʹͳ	mmol,	ʹ	eqȌ	and	
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triethylamine	ȋͲ.ͷ	mLȌ	after	stirring	at	r.t.	 for	Ͷ	h.	The	crude	mixture	was	purified	by	silica	gel	chromatography	eluting	with	ʹͲ%	EtOAc:	Pet	graduated	to	ʹͷ%.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.ͻͶ	ȋ͵(,	s,	CH3Ȍ,	ʹ.ʹʹ	ȋ͵(,	s,	CH3Ȍ,	Ͷ.ͶͲ	‐	Ͷ.Ͷͻ	ȋͳ(,	m,	CH‐COȌ,	Ͷ.ͷͳ	‐	Ͷ.ͷͻ	ȋʹ(,	m,	CH2NOʹȌ,	Ͷ.͹ʹ	‐	Ͷ.͹Ͷ	ȋͳ(,	m,	CH‐ArȌ,	͸.ͻͻ	‐	͹.ͳͷ	ȋ͵(,	m,	ArHȌ,	͹.ʹͺ	ȋͳ(,	dd,	J	͹.͹,	͹.͹,	ArHȌ.	δC	 ȋͳͲͲ	M(z,	 CDCl͵Ȍ:	 ʹͻ.ͳ	 ȋC(͵Ȍ,	 ͵Ͳ.ͺ	 ȋC(͵Ȍ,	 ͵ͺ.͸	 ȋC(Ȍ,	 ͸ͻ.ʹ	 ȋC(Ȍ,	 ͹͸.Ͷ	 ȋC(ʹȌ,	 ͳͳͻ.Ͳ	 ȋC(Ȍ,	ͳʹͷ.͸	ȋC(Ȍ,	ͳʹ͸.͹	ȋqCȌ,	ͳʹͻ.ͺ	ȋC(Ȍ,	ͳ͵Ͳ.Ͳ	ȋC(Ȍ,	ͳ͵ͺ.ʹ	ȋqCȌ,	ʹͲͳ.͵	ȋC=OȌ,	ʹͲʹ.ʹ	ȋC=OȌ.	ɋmax	ȋcm‐ͳȌ:	ʹͳʹͶ	ȋsȌ,	ͳ͸ͻͺ	ȋmȌ,	ͳͷͷͲ	ȋmȌ,	ͳͶͺͻ	ȋmȌ,	ͳͳͶͻ	ȋmȌ,	ͳ͵ͷ͸	ȋmȌ,	͹ͷͶ	ȋsȌ.	(RMS	ȋES)+Ȍ:	Found	͵ͳ͵.ͲͻʹͲ	[M+Na]+	,	Cͳ͵(ͳͶNͶOͶNa	requires	͵ͳ͵.ͲͻͲ͹.	͵.ͳͳ.ʹ	Reduction	of	the	diketone	Michael	adduct		
236 238
NiCl2 . 6H2O





24 hr, r t
Et3N
	The	 adduct	 was	 obtained	 as	 a	 yellow	 oil	 ȋͲ.ʹͲͷ	 g,	 ͸ͳ%Ȍ	 from	 azidonitro	 styrene	ȋͲ.ʹͲͲ	 g,	 ͳ.Ͳͷ	 mmol,	 ͳeqȌ,	 ethylacetoacetate	 ȋͲ.ͳͶ	 mL,	 Ͳ.ͳ͵͹	 g,	 ͳ.Ͳͷ	 mmol,	 ͳ	 eqȌ	 and	triethylamine	 ȋͲ.Ͷ	mLȌ	 after	 stirring	 at	 r.t.	 for	 Ͷ	 h	 in	DCM	 ȋͺ	mLȌ.	 The	 crude	mixture	was	purified	 by	 silica	 gel	 chromatography	 eluting	 with	 ͳͲ%	 EtOAc:	 Pet	 solvent	 system.	 The	Michael	adduct	was	isolated	as	a	mixture	of	diasteroisomers	in	ͳ:ͳ	ratio.																																																				 																		δ(	ȋͷͲͲ	M(z,	CDCl͵Ȍ:	Ͳ.ͻͻ	/	ͳ.ʹͶ	ȋ͵(,	t,	J	͹.ͳ,	CH3Ȍ,	ʹ.ͳʹ	/	ʹ.ʹ͹	ȋ͵(,	s,	CH3Ȍ,	͵.ͻͷ	/	Ͷ.ͳͻ	ȋʹ(,	q,		






NaBH4, 0°C 	The	Michael	 adduct	 ȋͲ.ʹͲͲ	g,	 Ͳ.͸ʹ	mmol,	 ͳ	 eqȌ	 in	EtO(	 ȋͷ	mLȌ	was	 cooled	 to	Ͳ	 °C	after	which	NiClʹ·͸(ʹO	 ȋͲ.ͳͷͲ	g,	 Ͳ.͸ʹ	mmol,	ͳ	 eqȌ	 and	NaB(Ͷ	 ȋͲ.ʹ͸Ͳ	g,	 Ͳ.͸ͺ	mmol,	ͳͳ	 eqȌ	were	added.	The	reaction	mixture	was	stirred	 for	ʹ	h	at	Ͳ	 °C	and	was	 then	quenched	with	saturated	aqueous	N(ͶCl	ȋʹͲ	mLȌ,	diluted	with	C(Cl͵	ȋʹͲmLȌ	and	extracted	into	C(Cl͵	ȋ͵	x	ʹͲ	mLȌ,	dried	ȋMgSOͶȌ,	filtered	through	Celite	and	concentrated	in	vacuo.	The	crude	mixture	was	purified	by	column	chromatography	ȋ͵Ͳ%	EtOAc:	PetȌ	to	afford	the	quinoline	product,	ethyl	ʹ‐methylquinoline‐͵‐carboxylate	as	a	dark	yellow	solid	ȋͲ.Ͳͳʹ	g,	ͻ%Ȍ.	M.p	͸ͺ‐͹Ͳ	°C	ȋLit	values,	͸ͻ‐͹Ͳ	°CȌʹͳͶ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.Ͷ͵	ȋ͵(,	t,	J	͹.ͳ,	CH3‐C(ʹȌ,	ʹ.ͻ͹	ȋ͵(,	s,	CH3Ȍ,	Ͷ.Ͷʹ	ȋʹ(,	q,	 J	͹.ͳ,	OCH2Ȍ,	͹.ͷͳ	ȋͳ(,	dd,	J	͹.͸,	͹.͸,	ArHȌ,	͹.͹ͷ	ȋͳ(,	dd,	J	͹.͸,	͹.͸,	ArHȌ,	͹.ͺͶ	ȋͳ(,	d,	J	ͺ.Ͳ,	ArHȌ,	ͺ.Ͳʹ	ȋͳ(,	d,	J	ͺ.Ͳ,	ArHȌ,	ͺ.͹ͳ	ȋͳ(,	s,	CHȌ.	δC	ȋͳͲͲ	M(z,	CDCl͵Ȍ:	ͳͶ.͵	 ȋC(͵Ȍ,	ʹͷ.͸	 ȋC(͵Ȍ,	͸ͳ.Ͷ	 ȋC(ʹȌ,	ͳʹ͵.ͻ	 ȋqCȌ,	ͳʹͷ.͹	 ȋqCȌ,	ͳʹ͸.ͷ	 ȋC(Ȍ,	ͳʹͺ.Ͷ	ȋC(Ȍ,	ͳʹͺ.ͷ	ȋC(Ȍ,	ͳ͵ͳ.͹	ȋC(Ȍ,	ͳ͵ͻ.ͻ	ȋC(Ȍ,	ͳͶͺ.ͷ	ȋqCȌ,	ͳͷͺ.ͷ	ȋqC),	ͳ͸͸.ͷ	ȋC=OȌ.	ɋmax	ȋcm‐ͳȌ:	͵ͲͷͲ	ȋwȌ,	ʹͻʹ͹	ȋwȌ,	ͳ͹ͳͳ	ȋsȌ,	ͳͷͻͶ	ȋwȌ,	ͳͶͻʹ	ȋwȌ,	͹Ͷ͹	ȋsȌ.	(RMS	ȋES)+Ȍ:	Found	ʹͳ͸.ͳͲͳͻ	[M+(]+	,	Cͳ͵(ͳͶNOʹ	requires	ʹͳ͸.ͳͲͳͻ.	͵.ͳʹ.͵	Synthesis	of	diethyl	phenyl	malonate	
CuI, Picolinic acid 
Cs2CO3, 25 h,
 70 °C 	To	a	solution	of	iodobenzene	ȋͳ.ͳͳ	mL,	ʹ.ͲͶ	g,	ͳͲ	mmol,	ͳ	eqȌ	in	anhydrous	dioxane	ȋͳͲ	mLȌ	was	added	diethyl	malonate	ȋ͵.ͲͶ	mL,	ʹͲ	mmol,	ʹ	eqȌ,	ʹ‐picolinic	acid	ȋͲ.ͳʹ͵	g,	ͳ	mmol,	ͳͲ	mol%Ȍ,	Cu)	ȋͲ.Ͳͻͷ	g,	Ͳ.ͷ	mmol,	ͷ	mol%Ȍ	and	CsʹCO͵	ȋͻ.ͺ	g,		͵Ͳ	mmol,	͵	eqȌ.	The	reaction	was	
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stirred	 at	 ͹Ͳ	 °C	 for	 ʹͷ	 h.	 )t	 was	 then	 cooled	 to	 ambient	 temperature	 and	 quenched	with	saturated	 aqueous	 N(ͶCl	 and	 extracted	 into	 EtOAc	 ȋʹ	 x	 ͵Ͳ	 mLȌ.	 Purification	 by	 silica	 gel	chromatography	 ȋͺ%	 EtOAc:	 PetȌ	 gave	 the	 substituted	 diethyl	 phenyl	 malonate	 as	 a	 pale	yellow	oil	ȋͳ.ʹͳ	g,	ͷͳ%Ȍ.		δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.ʹͶ	ȋ͸(,	dt,	J	͹.ʹ,	ʹ.Ͳ,	ʹ	x	CH3‐C(ʹȌ,	Ͷ.Ͷʹ	ȋͶ(,	dq,	J	͹.ʹ,	ʹ.Ͳ,	OCH2Ȍ,	Ͷ.͸Ͷ	ȋͳ(,	s,	CHȌ,	͹.ʹͻ	‐	͹.͵ͺ	ȋ͵(,	m,	ArHȌ,	͹.Ͷͳ	ȋʹ(,	d,	J	͹.͸,	ArHȌ,		The	data	matched	the	reported	valuesʹͳͷ.		͵.ͳʹ.Ͷ	Attempted	Michael	reaction	with	diethyl	phenyl	malonate	
232a
Et3N
	To	 a	 stirred	 solution	 of	 the	 nitro	 olefin	 ȋͲ.͵͸Ͳ	 g,	 ͳ.ͺͻ	mmol,	 ͳ	 eqȌ	 in	DCM	 ȋͺ	mLȌ	diethyl	phenyl	malonate	ȋͲ.͸͹	g,	ʹ.ͺ͵	mmol,	ͳ.ͷ	eqȌ	and	triethylamine	ȋͲ.ͷ	mLȌ	were	added	dropwise.	The	reaction	mixture	was	stirred	at	 r.t.	 for	ʹͶ	h.	The	reaction	mixture	remained	unchanged	and	gave	the	starting	materials	unreacted.	͵.ͳʹ.ͷ	Attempted	Michael	reaction	with	diethyl	ethylmalonate	
232a
Et3N
		 To	a	stirring	solution	of	 the	nitro	olefin	ȋͲ.ͶͲͲ	g,	ʹ.ͳͲ	mmol,	ͳ	eqȌ	 in	DCM	ȋͳͲ	mLȌ	diethyl	ethyl	malonate	ȋͲ.͸	mL,	Ͳ.ͷͻͶ	g,	͵.ͳ͸	mmol,	ͳ.ͷ	eqȌ	and	triethylamine	ȋͲ.ͷ	mLȌ	were	
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Reflux, 1 h 	A	mixture	of	the	aldehyde	ȋͳ.ͲͲ	g,	͸.ͺͲ	mmol,	ͳ	eqȌ	and	ammonium	acetate	ȋͲ.ͷ͹͹	g,	͹.Ͷͺ	mmol,	ͳ.ͳ	eqȌ	was	heated	to	reflux	in	nitroethane	ȋʹͲ	mLȌ	for	an	hour	till	TLC	analysis	showed	 complete	 consumption	 of	 the	 aldehyde.	 The	 mixture	 was	 then	 evaporated	 under	reduced	pressure	and	the	resulting	mixture	was	extracted	into	DCM,	dried	ȋMgSOͶȌ	and	the	solvent	was	 removed	 in	 vacuo	 to	 give	 the	 crude	 product	 as	 a	 brown	 oil.	 The	 crude	 olefin	mixture	was	subjected	to	silica	chromatography	ȋͷ%	EtOAc:	PetȌ	to	give	an	orange	solid	in	ͻͺ%	yield	ȋͳ.͵͸	gȌ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:		ʹ.ͶͲ	ȋ͵(,	s,	CH3Ȍ,	͹.ʹͷ	‐	͹.͵Ͳ	ȋʹ(,	m,	ArHȌ,	͹.͵͹	ȋͳ(,	d,	J	͹.͹,	ArHȌ,	͹.ͷͲ	ȋͳ(,	dd,		J	͹.͹,	͹.͹,	ArHȌ,	ͺ.ͳ	ȋͳ(,	s,	CHȌ.	δC	ȋͳͲͲ	M(z,	CDCl͵Ȍ:	ͳ͵.ͻ	ȋC(͵Ȍ,	ͳͳͺ.Ͳ	ȋC(Ȍ,	ͳʹ͵.͹	ȋqCȌ,	ͳʹͶ.͸	ȋ=C(Ȍ,	ͳʹͺ.ͺ	ȋC(Ȍ,	ͳ͵Ͳ.Ͳ	ȋC(Ȍ,	ͳ͵ͳ.͵	ȋC(Ȍ,	ͳ͵ͻ.ͷ	ȋqCȌ,	ͳͶͺ.ͷ	ȋqCȌ.	ɋmax	ȋcm‐ͳȌ:	͵Ͳ͸ͻ	ȋwȌ,	ʹͳʹͳ	ȋsȌ,	ͳͷͻͶ	ȋmȌ,	ͳͷ͹͵	ȋsȌ,	ͳͷͲ͸	ȋwȌ,	ͳͶͺͳ	ȋwȌ,	ͳ͵ͺͺ	ȋsȌ,	͹ͷͺ	ȋsȌ.	(RMS	ȋES)+Ȍ:	Found	ʹʹ͹.ͲͷͶͲ	[M+Na]+	,	Cͻ(ͺNͶOʹNa	requires	ʹʹ͹.Ͳͷ͵ͻ.	͵.ͳͷ.ʹ	Synthesis	of	the	Michael	adduct	
240 241a
Et3N
	To	a	stirred	solution	of	the	substituted	nitro	olefin	ȋͲ.ʹͻ͹	g,	ͳ.Ͷͷ	mmol,	ͳ	eqȌ	in	DCM	ȋͳͲ	mLȌ,	diethyl	malonate	 ȋͲ.ͶͶ	mL,	Ͳ.Ͷ͸͸	g,	ʹ.ͻͳ	mmol,	ʹ	eqȌ	and	 triethylamine	 ȋͲ.ͷ	mLȌ	were	added	dropwise.	The	reaction	mixture	was	allowed	to	stir	at	r.t.	for	Ͷ	days	until	analysis	
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by	TLC	indicated	all	the	nitro	olefin	had	been	consumed.	The	reaction	mixture	was	quenched	with	 ether	 and	 water	 ȋʹͲ	 mL,	 ͳ:ͳȌ	 and	 extracted	 into	 DCM	 ȋ͵	 x	 ͳͲ	 mLȌ,	 dried	 ȋMgSOͶȌ,	filtered	and	the	solvent	was	removed	in	vacuo.	Purification	by	silica	gel	chromatography	[ͷ%	EtOAc/Pet]	afforded	the	Michael	adduct	as	a	mixture	of	stereoisomers	 in	 the	ratio	͵:ͳ	as	a	yellow	oil	ȋͲ.ʹͻʹ	g,	ͷͷ%Ȍ.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	Ͳ.ͻͳ	ȋ͵(,	t,	J	͹.ͳ,	CH3Ȍ,	ͳ.ʹͺ	ȋ͵(,	t,	J	͹.ͳ,	CH3Ȍ,	ͳ.Ͷͳ	ȋ͵(,	d,	J	͸.͹,	CH3Ȍ,	͵.ͺʹ	‐	͵.ͻ͵	ȋʹ(,	m,	OCH2Ȍ,	Ͷ.ͳͶ	‐	Ͷ.͵ͺ	ȋͶ(,	m,	CH‐CO+	OCH2	+	CH‐ArȌ,	ͷ.ͳʹ	‐	ͷ.ʹʹ	ȋͳ(,	m,	CHNOʹȌ,	͸.ͻ͹	ȋͳ(,	d,	J	͹.͸,	ArHȌ,	͹.Ͳ͵	ȋͳ(,	dd,	J	͹.͸,	͹.͸,	ArHȌ,	͹.ͳ͵	ȋͳ(,	d,	J	ͺ.Ͳ,	ArHȌ,	͹.͵Ͳ	ȋͳ(,	dd,	J	ͺ.Ͳ,	ͺ.Ͳ,	ArHȌ.	δC	ȋͳͲͲ	M(z,	CDCl͵Ȍ:	ͳ͵.ͷ	ȋC(͵Ȍ,	ͳ͵.ͻ	ȋC(͵Ȍ,	ͳ͸.ͷ	ȋC(͵Ȍ,	Ͷͳ.͸	ȋC(Ȍ,	ͷ͵.͸	ȋC(Ȍ,	͸ͳ.͸	ȋC(ʹȌ,	͸ʹ.ͳ	ȋC(ʹȌ,	ͺ͵.Ͳ	ȋC(Ȍ,	ͳͳͺ.ʹ	ȋC(Ȍ,	ͳʹͶ.ͻ	ȋC(Ȍ,	ͳʹͷ.ͺ	ȋqCȌ,	ͳʹͻ.ͷ	ȋC(Ȍ,	ͳ͵Ͳ.ͳ	ȋC(Ȍ,	ͳ͵ͻ.ͳ	ȋqCȌ,	ͳ͸͸.ͷ	ȋC=OȌ,	ͳ͸͸.ͻ	ȋC=OȌ.	ɋmax	ȋcm‐ͳȌ:	ʹͻ͹͵	ȋwȌ,	ʹͳʹ͹	ȋsȌ,	ͳ͹͵Ͳ	ȋsȌ,	ͳͷ͵ͻ	ȋsȌ,	ͳͶͻ͹	ȋmȌ,	ͳ͵͸ͻ	ȋmȌ,	͹Ͷͻ	ȋsȌ.		(RMS	ȋES)+Ȍ:	Found	͵ͺ͹.ͳʹ͹ͻ	[M+Na]+	,	Cͳ͸(ʹͲNͶO͸Na	requires	͵ͺ͹.ͳʹ͹ͷ.	͵.ͳͷ.͵	Reduction	using	nickel	chloride	hexahydrate	and	sodium	borohydride	
241a 242a
NiCl2.6H2O
NaBH4 , 0 °C
	The	adduct	ȋͲ.ʹͲͲ	g,	Ͳ.ͷͷ	mmol,	ͳ	eqȌ	in	EtO(	ȋͷ	mLȌ	was	cooled	to	Ͳ	°C	after	which	NiClʹ·͸(ʹO	ȋͲ.ͳ͵ͳ	g,	Ͳ.ͷͷ	mmol,	ͳ	eqȌ	and	NaB(Ͷ	ȋͲ.ʹʹͻ	g,	͸.Ͳͷ	mmol,	ͳͳ	eqȌ	were	added.	The	reaction	mixture	was	stirred	for	ʹ	h	at	Ͳ	°C	and	was	then	quenched	with	saturated	N(ͶCl	ȋʹͲ	mLȌ,	diluted	with	C(Cl͵	 ȋʹͲ	mLȌ	and	extracted	 into	C(Cl͵	 ȋ͵	x	ʹͲ	mLȌ,	dried	 ȋMgSOͶȌ,	filtered	 through	Celite	and	concentrated	 in	vacuo.	The	crude	mixture	was	purified	by	silica	gel	chromatography	eluted	with	ͳͷ%	EtOAc:	Pet	solvent	system	to	afford	the	indole	242a	as	a	brown	oil	ȋͲ.Ͳʹͳ	g,	ͳ͵%Ȍ.		δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:	ͳ.ʹͶ	ȋ͸(,	t,	J	͹.͵,	CH3	x	ʹȌ,	ʹ.Ͷͳ	ȋ͵(,	s,	CH3Ȍ,	Ͷ.ʹͳ	ȋͶ(,	q,	J	͹.͵,	OCH2	xʹȌ,	Ͷ.ͺͶ	ȋͳ(,	s,	CHȌ,	͹.ͲͶ	‐	͹.ͳ͵	ȋʹ(,	m,	ArHȌ,	͹.ʹͷ	ȋͳ(,	m,	ArHȌ,	͹.ͷ͹	ȋͳ(,	d,	J	͹.͵,	ArHȌ,	͹.ͻͶ	ȋͳ(,	s,	NHȌ.	
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	The	Michael	adduct	ȋͲ.ͳͻ͵	g,	Ͳ.ͷ͹	mmol,	ͳ	eqȌ	was	reduced	with	NiClʹ·͸(ʹO	ȋͲ.ͳ͵͹	g,	Ͳ.ͷ͹	mmol,	ͳ	eqȌ	and	NaB(Ͷ	ȋͲ.ʹ͵ͻ	g,	͸.͵ʹ	mmol,	ͳͳ	eqȌ	in	EtO(	ȋͳͲ	mLȌ	at	Ͳ	°C	for	ʹ	h	to	afford	the	indole	product	as	a	yellow	oil	ȋͲ.ͲʹͲ	g,	ͺ%Ȍ	purified	with	silica	chromatography	eluted	with	ͳͲ%	EtOAc:	Pet	solvent	system.	δ(	ȋͶͲͲ	M(z,	CDCl͵Ȍ:		ʹ.ͶͶ	ȋ͵(,	s,	CH3Ȍ,	͵.͹ͷ	ȋ͸(,	s,	OCH3	xʹȌ,	Ͷ.ͻͳ	ȋͳ(,	s,	CHȌ,	͹.Ͳ͵	‐	͹.ͳʹ	ȋʹ(,	m,	ArCHȌ,	͹.ʹʹ	ȋͳ(,	m,	ArCHȌ,	͹.ͷ͸	ȋͳ(,	d,	J͹.ʹ,	ArCHȌ,	͹.ͻͳ	ȋͳ(,	s,	NHȌ.	δC	 ȋͳͲͲ	M(z,	CDCl͵Ȍ:	ͳʹ.ͳ	 ȋC(͵Ȍ,	Ͷͺ.ͺ	 ȋC(Ȍ,	ͷʹ.͸	 ȋC(͵Ȍ,	ͳͲʹ.ͻ	 ȋqCȌ,	ͳͳͲ.͵	 ȋC(Ȍ,	ͳͳͺ.ͻ	 ȋC(Ȍ,	ͳͳͻ.ͻ	ȋC(Ȍ,	ͳʹͳ.ͷ	ȋC(Ȍ,	ͳʹ͸.Ͷ	ȋqCȌ,	ͳ͵ʹ.ʹ	ȋqCȌ,	ͳ͵͵.͹	ȋqCȌ,	ͳ͸ͻ.ͳ	ȋC=OȌ.		ɋmax	ȋcm‐ͳȌ:	͵͵ʹ͹	ȋbrȌ,	ʹͻͻͻ	ȋwȌ,	ʹͺͷ͹	ȋmȌ,	ͳ͹͵Ͷ	ȋsȌ,	ͳͷͻʹ	ȋwȌ,	ͳͶͻͳ	ȋmȌ,	͹ͷʹ	ȋsȌ.			(RMS	ȋES)+Ȍ:	Found	ʹͺͶ.Ͳͺͻ͸	[M+Na]+	,	CͳͶ(ͳͷNOͶNa	requires	ʹͺͶ.Ͳͺͻ͵.	
3.16	Reaction	with	aminopyridines	͵.ͳ͸.ͳ	Synthesis	of	 the	 imidazo	 [ͳ,ʹ‐a]	pyridine	 from	aminopyridine	and	 the	nitro	olefin	
232a 243
CuI, DMF
	To	 a	 round	 bottom	 flask	 containing	 the	 nitro	 olefin	 ȋͲ.ͶͲͲ	 g,	 ʹ.ͳͳ	 mmol,	 ͳ.ʹ	 eqȌ,	amino	pyridine	ȋͲ.ͳ͸͸	g,	ͳ.͹͸	mmol,	ͳ	eqȌ,	and	Cu)	ȋͲ.Ͳ͵͸	g,	Ͳ.ͳ͹͸	mmol,	Ͳ.ͳ	eq,	ͳͲ	mol	%Ȍ,	
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	 To	a	stirring	solution	of	ʹ‐nitrobenzenesulfonylamide	251	ȋͳ.ͲͲ	g,	Ͷ.ͻͷ	mmol,	ͳ	eqȌ,	and	 anhydrous	 pyridine	 ȋͲ.ͺ	 mL,	 Ͳ.͹ͺ͵	 g,	 ͻ.ͻͲ	 mmol,	 ʹ	 eqȌ	 in	 dry	 T(F	 ȋͷ	 mLȌ	 under	 a	
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	A	 solution	of	o‐nitrobenzenesulfonamide	 ȋͷ.ͲͲ	 g,	 ʹͶ.͹͵	mmol,	ͳ	 eqȌ	 in	 ethanol	 ȋ͹ͷ	mLȌ	at	r.t.	was	treated	with	palladium	on	charcoal	ȋͳͲ%,	Ͳ.ʹͷͲ	gȌ	followed	by	the	addition	of	hydrazine	 hydrate	 ȋͳͲ	mLȌ	 and	 the	whole	was	 heated	 to	 reflux	 for	 Ͷ	 h.	 The	mixture	was	filtered	whilst	hot,	washed	with	cold	ethanol,	reduced	to	half	the	bulk	in	vacuo	and	cooled	to	Ͳ	°C.	The	white	crystalline	precipitate	formed	was	filtered	off	and	dried	in	vacuo	to	yield	o‐aminobenzenesulfonamide	 ȋ͵.ʹ͸	g,	 ͹͹%Ȍ	as	 a	white	 crystalline	 solid.	Mpt.	ͳͷͲ	 °C	 ‐	ͳͷͳ	 °C	ȋLit	m.p	ͳͷͲ	°CȌʹͲͳ.	͵.ͳ͹.͹	Synthesis	of	o‐azidobenzenesulfonamide	
 257
NaN 3, 0 °C
NaOAc
 258
NaNO 2, 0 °C
HCl














	To	 a	 suspension	 of	 )nCl͵	 ȋͲ.͵Ͳͺ	 g,	 ͳ.͵ͻ	mmol,	 ͳ.ͷ	 eqȌ,	 in	 dry	DCM	 ȋ͵	mLȌ,	 octanal	ȋͲ.ʹʹ	mL,	Ͳ.ͳ͹ͺ	g,	ͳ.͵ͻ	mmol,	ͳ.ͷ	eqȌ	in	ʹ	mL	DCM	was	added.	The	mixture	was	stirred	at	r.t.	
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	To	 a	 suspension	 of	 )nCl͵	 ȋͲ.ͷͷ͵	 g,	 ʹ.ͷͲ	mmol,	 ͳ.ͷ	 eqȌ,	 in	 dry	DCM	 ȋͷ	mLȌ,	 octanal	ȋͲ.͵ͻ	mL,	 Ͳ.͵ʹͲ	 g,	 ʹ.ͷͲ	mmol,	 ͳ.ͷ	 eqȌ	 in	 ʹ	mL	DCM	 solution	was	 added.	 The	mixture	was	stirred	for	ͳͷ	min	at	r.t.,	after	which	azido	sulfonamide	258	ȋͲ.͵ͲͲ	g,	ͳ.͸Ͳ	mmol,	ͳ	eqȌ	in		dry	DCM	ȋ͵mLȌ	was	added	dropwise.	The	resulting	mixture	was	stirred	till	the	TLC	showed	the	
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